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Thi. oompilation i. the result of a Training Cour.e on Foreat Nursery and Establieh
.ent Technique. for Afrioan Savannas which was to have been held in Kaduna, Nigeria, frora 
16 Febraary to 21 March 1916 at the invitation of the Goveruraent of Nigeria with fund •• ade 
available from both the DUi.uynternational Developraent Agency (DANmA) and the Foreat 
Re.earch In.titute of Nigeria • The course was planned in oollaboration with the Fore.t 
Re.earch Institute and the Food and Agriculture Organization of the United Nations (FAO) 
and was to have been held in oonjuotion with the B,ymposium on Savanna Affore.tation 
organized by the Fore.t Research Institute, with part of the training oourse running jointly 
with the w,ymposiua. Regrettably, the olo.ing of Nigeria's international borders in response 
to political di.turbances in the country foroed canoellation of the training oour.e. The 
..,apo.iua was held as .cheduled but with reduoed partioipation. 

The training oour.e was to have been the late.t in a .eries finanoed by DAHmA on 
aspect. of fore.t plantation e.tablishment with emphasis on tree iraprove.ent and .eed 
handling. Previous oour.e. in the .eries were held in Denmark (1966) and Kenya (1913) on 
foreat tree iraprov .. ent and in Thailand (1915) on forest .eed oollection and handling. 

Although it was not possible to realize at least two of the .ain purposes of the 
training oourse - to provide de.onstration of good nursery and plantation e.tablishraent 
technique. in savanna Afrioa and to facilitate the interchange of idea. and experience 
between francophone and anglophone participants - it was thought that reproduction and 
di.tribution of the lecture note. and papers prepared for the training course and s,ymposium 
would be u.eful. This report (printed both in English and French) therefore, contains a 
set of leoture note. prepared in advanoe of the training course, the prinCipal symposium 
papers and the oountry state.ents contributed by "would-be" course partiCipants. As lecture 
note. were planned to comple.ent, but not duplicate, material in Tree Planting Practices in 
African Savannas (FAO Foreatry Development Paper No. 19 by M.V. Laurie, 1974), readers m~ 
wish to refer to that FAO book for further information on a given subject. One part of the 
ayapo.ium was devoted to the pre.entation of a number of ehort case studies on aspects of 
planting pine, neem and eucalypts in the Nigerian savanna. Only the BWIIIIIaries of these 
cue .tudie. are reproduced here; the full texts are available from the Forest Research 
Institute in lbadan. A few lectures and papers have been shortened for inclusion in this 
report, e.pecially in cases where duplication occurred. The order of presentation here 
departs from that planned for the w,ymposium and training oourse, in that all papers on a 
given subjeot are together. 

Permission from the Forest Research Institute of Nigeria to publish papers prepared 
for the B,ymposium on Savanna Afforestation is gratefully acknowledged. Thanks are also due 
to that organization, and especially its staff at the Savanna Forestry Research Station in 
Samaru, for the many local arrangements and preparations made for the training course and 
to the forest department. of Kaduna, Kano and North East states for similar assistanoe in 
providing for the planned study tours. The IlUpport of the FAO/UNDP forestry project in 
Salaaru, the tDlDP offioe. in Kaduna and Lagos and the FAO Senior Agricultural Adviser 1I&S 

invaluable and is most gratefully recosnized. Appreciation is also extended to the many 
author. of symposium papers and training course lecture notes for their efforts. Finally, 
regrets are offered to the training course participants who were inconvenienced and 
di.appointed by the unavoidable canoellation of the course. 

11 then the Federal Depart.ent of Forest Re.earch. 
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~ the judioioua aeleotion of exotio 
speoie. for the planting sites available 
and the application of intensive cultural 
technique a, aavanna. oan be oonverted to 
faat-groving fore.t plantations, such as 
thh 8-year old stand of Euoalyptus 
oloesia.na at Afaka, Nipria. 

The natural savanna woodland. are 
sparsely stooked, low yielding and made 
up of speoie~ of poor stem form, 
illustrated here by Uapaoa tOgoensis 
and Isoberlinia ~ in the northern 
GUinea aavanna. 
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DEFr.ITION. CLl3~IFICATIOB AND EXTENT OF AFRICAN SAVABIA 11 

C.F.A. Onochie 
Oni tsha, Nigeria 

COBTESTS 

Figure 1, Map of West AI'rioan vegetation zones 

DEFINITION 

2 

5 

7 

8 

The word 'savanna' is from the Spanish zavana or cavena and is thought to have Carib 
orl.gl.n. It mema a grassy plain with scattered trees and in particular refers to such 
plains in tropioal and IlUbtropical regions. The tenn is used also for a tract of level 
land oovered with low vegetation or any large area of tropical or subtropical graesland 
covered in part with trees and spiny shrubs. 

Richarda (1952) gives the following definition, and remarks on the probable ecolo
gioal status of saVanna8. 

"SaTaIUla is a ll8lIle applied to plant communi ties of varied physiognomy and status 
found over a wid. range of climatic conditions; some are seral stages, others are 
certainly stable climaxes. Savanna on which trees are dominant (with or without a 
continuous ground-cover of graeB.s) ma.Y be a climatic climax, but many types of 
savanna should be regarded as fire-climaxes ••••• Open savannas with trees growing 
scattered or in occasional clumps, and treeless graeslands ma.Y arise by the de
gradation of the forest or aavanna woodland by excessive cultivation or burning 
but in some cases they are probably edaphic olimax.s due to local aoil conditions 
unfavourable to the growth of trees. The nature of the faotore responsible is un
oertain but one whioh probably operates in aome caees is seasonal waterlogging 
alternating with dry oonditions during the rest of the year. There is little 
IlUpport for the view that lowlmd tropical grasslmda are ever a climatic climax 
in equilibrium with a 'tropical grassland climate'; grassland therefore should 
not be resarded as oocupying a place in the natural climatio eootone f'rom 
tropioal rain forest to desert." 

Sohimper (1903) gives the follOwing definitionsl 

"Savuma forest is more or less leafless during the dry seaBon, rarely ever
green, is xerophilous in oharaoter, u8U&lly, of'ten much less than 20 m high, 

Y Paper for S~posi\llll on SaTa:ama Afforestation 
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park-like, ~ry poor in underwood, lian •• and .piphyte., rioh in t.rr •• trial h.rb., 
e.peoial~ gr ... e •• " 

"Thorn f'ore.t, .. regarda foliage and average height, re.emble. Itavanna fore.t, 
but i. 1Il0re x.rophiloWl, i. very rioh in underwood and in .lend.er ... t8llllled liane., 
poor in t.rre.trial herb., e.peoially in gr ... ea, and ullUally haa no epiphyte •• 
Thorn plant. are alwa,y. plentiful." 

Uaed loo.ely and in the African context the term ma.Y cover an arra,y of type. of tropi
oal vegetation, ranging f'rom the relatively dry to the aemi-arid, whicp lie between the 
tropioal rain f'oreat. of' the .quatorial region and the de.ert. to the north and to the .outh. 
The.e COD8i.t of a wide variety of tran.i tion type. ranging from woodland savanna, including 
the .o-oalled derived .avanna (Kea,y 1959), to the aemi-arid .teppe with acattered tree., 
o0D8i.ting mo.tly of .pecie. of Aoaoia. Thi. belt extends from near the equator to latitude 
25 to 30 degree. north and .outh. 

A di.tinguishing climatic feature of the savanna i. the diatinct dry aeaaon. The 
rainf'all oyole rellUl1;. from the poleward shift of the global wind belta in the .ummer and 
their equatorward .hift in the winter. A .avanna climate has one or more months with le.s 
than 60 DIll (2.4 in.) of' rainf'all. The climate is warm with a ahort llUlDlDer rainy se ... on 
aDd a dry winter. In are ... of heavy rainf'all there i. a aeaaon of up to 1 000 to 1 500 !DID 

(40 to 60 inohe.) of' rainfall interrupted by a diatinct dry aeason. 

The gea.ral appearance of the savanna i. one of rolling plaine, and the vegetation ia 
tall gr ... with .cattered tree.. The tree oover range. between the one extreme of a closed 
canopy near the border with the rain foreat and where there has been little human inter
f'.reno., and the other extreme of very open gr .. sland with dwarf trees (or even with very 
f'ew tree.) dotted allover the landscape. The latter occur. at the edge of the de.ert and 
wh.re exce •• ive cultivation or exten.ive burning or heavy grazing haa re.ulted in the dia
appearance of the original tree cover. 

The gr ... grow. to a great height, 1.5 to 4.5 metrea (5 to 15 ft) in .ome placea, 
particularly where the giant elephant gr ... (Penni.etum purgureum) grows in the wet .ea.on. 
At the other extreme the grae. i. very .hort reaching up to a height of 30 om (12 inche.). 

In order to oombat the .ffect. of the long hot dry .e ... on, .avanna vegetation h ... 
developed a number of adaptatioD8% the deciduoWl habit, leathery leave a , thick or corky 
barke, the thorn habit, emall leave., cactua nature and the development of .tcrage aystema, 
long and exteD8ive root .y.tem., and .0 on. 

Several flori.i tic type. are e .. ily recosni.ed, .uch a. the Daniellia - Parkia, the 
Daniellia - Hymenooardia - Lophira and Combretum woodland. which are characteriatic of 
certain are .. in Central Africa, the .tretche. of AcaCia woodlands ccvering vast areas in 
We.t, East and Central Afrioa; al.o the HYphaene palm .avannas, and the Bor .... ua savanna 
which i .... ociat.d with .... anally f'loodad .ite •• 

CLA.SSIFICATIOli 

Whil. it m..,. not be true to .a,y that there are ae many cl ... if'ication ... there are 
workers in the f'ield, the literature on Afrioan vegetation ia replete with .y.tem. of 
cl ... if'ioation and of name. u.ed by individual worker. for the various type. of vegetation 
.nocnmtered (Kuchler 1970). Mo.t otten dif'f'erent name. are applied to the .ame type. Thi. 
i., of' ooura., in.vitable in view of' the v .. t area involved in the .tu~, the general lack 
of' oOlllllunioation and OOJl8Ul tation between workers, the large number of habitats and lif'e 
f'o:n.. .noount.red in the f'ield and the determination of' each worker to map what h. oon
.ider. are cl.arly di.tinct and di.cret. type. in hi. area of' operation, even though this Ill..,. be a ~ry _all and irreleVU1t type in the context of'the whole continent. The .itu
ation i. al.o bedey1l1ed by the lack of' a .-nerally accepted criterion f'or cl ... if'ioation. 
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IDdividual authors ha.ve used the olimate, the soil, the general ge0.p-aphioal looation, the 
pb,ysiop.omy 01' the vegetation UId the pb,yto-<lhorologioal divisions {Phillips 1959, Monod 
1957, Ke~ 1956). 

In Jrigeria, this problem has tor some time been resolved by the aoceptanoe by most 
workers 01' the olassitioation proposed by A.P.D. Jones and R.W.J. Keay (Jones 1945, Jones 
UId Ke~ 1946, Kea.y 1953). In this olusitication, the Jrigerian savazma is arranged as 
follova (trom BOuth to north) (se. Figure 1)1 

Derived Savanna 

Southern Guinea Savanna 

Northern Guinea Savanna. 

Sudan Savanna 

Sahel Savanna 

This is in line with the olassifioation adopted by Frenoh workers in the neighbouring 
countri.s ot West Atrica. 

Reoent workers in Nigeria have rightly questioned the validity ot the basis ot this 
cl .. sitioation, and oonsequently a new olassifioation baaed on the reoommendations ot the 
Soientifio Counoil tor Atrioa South ot the Sahara (C.S.A.) Speoialist Meeting on phyto
geography in Yangambi (C.S.A. 1956, Boughey 1957) and on the Assooiation pur i'Etude 
taxonomique de la Flore d'Afrique tropioale (A.E.T.F.A.T.) Vegetation Map of Atrioa (Keay 
et al 1958) has been adopted by Charter (1970) tor the new Vegetation Map of Nigeria, 
WhICh is included in the National Atlas of Nigeria. 

The aims of the Yangambi meeting weres 

1. "to establish a oommon terminology tor all Afrioan pb,ytogeographers"; 

2. "to limit this terminology to Afrioan vegetation only", and 

3. "to exolude from African nomenolature some ot the terms used in other 
oountries of the world whioh illuatrate varioua types of vegetation the 
homology of whioh is not proven". 

The meeting acoepted the proposal "to illustrate, particularly by profile diagrams, the 
desoription of the Tarioua types of vegetation or plant oommuni ties". It oonoluded that in 
the interests of a oo-ordination whioh wu highly deSirable. there was a need for essentially 
ph;yaiognomic definitions of the various types of vegetation. It theretore reoommended the 
adoption ot a broad system of olaasitioation based on this prinoiple, but left the use of 
intermediary physiognomio terms oorresponding to the various reoognisable transitions in 
the field UId the designation ot oertain very particular formations to the initiative of 
the pb,ytogeographers, acoording to looal oonditions. 

'l'vo main groups of vegetation tormations were recognised, namely: 

1. Closed Forest Formations, inoluding "Thickets", the latter being desori bed as 
"Shrubby vegetation, evergreen or deoiduoua, uaua.llq more or less impenetrable 
otten in olumps, with grus stratum absent or disoontinuoua" (Some thiokets, 
like the Combretum mioranthum thicket, oome within our definition of savanna). 

2. Mixed Forest-4rassland Formations and Grassland Formations. 

Th. latter is the subjeot ot this Symposium. There are tour primary IlUbdivisions: 

1. "Woodland", detined as open forest; tree stratum deciduoua conSisting 01' _all 
or •• d1lD ... ized tre.s with the orotIIUI more or less touohing, the oanopy remaining 
lilht, grass stratum BOIIIetimes spars. or mixed with oth.r h.r'baoeoua and IlUf'f'ru
t.soent ~getation. 
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2. "'8aTUm&lI, 4ef'i.... .. f'o:nllaticm. "f' graa... at le .. t 80 em high, f'o:nlling a 
oodillQ.OU l....,.r 4oaiJ&atiag a low.r rira'tula; lUIU&lly burnt umually, leave. of' 
cr ..... f'lat, baaal IIZI4 oaulin.; wood,y plant. u8Ually pre •• nt. Thi. i. 8Ub-
4ivi4ed intol 

(a) SaTaDlU. woedlmd, haYiDg tre •• and .hru.b. with light canopy; 

(b) Tree .avazm.& with .cattered tree. and .hru.b.; 

(0) Shru.b .aTUm&; 

(d) Oraa •• aV&DD&, in whioh tre •• and .hrub. are generally ab.ent. 

3. "St.ppe", def'in.d .. open herbaceoua veptation acmetime. with wood,y plant., 
lUIU&lly not burnt, perennial gr ... e. ullU&lly le •• than 80 an high, widely .paced; 
l.ave. of' gr ..... narrow, rolled or f'olded, mainly ba.al, annual plant. very 
o:tten abundant between the perennial.. Thi. i. al.o subdivided intol 

(a) Tree and/or .hru.b .teppe with tree. (mo.tly small) pre.ent; 

(b) Dwarf' .hru.b .teppe; 

(0) Suocul.nt steppe; 

(d) Or ... and/or herb steppe in whioh tree. and .hru.bs are virtually ab.ent. 

4. "Or ... land" , 8Ub-41 vided into, 

(a) Aquatic gr ... land; 

(b) Herb _amp; 

(c) High montane gruslllZld. 

Following this meeting, Keay and other authors (1958) published ''Vegetation Map o-r 
Afrioa South of' the Tropic o-r Cano.r" on behal-r o-r L' A.sociation pour l' Etude TaxonODlique 
cle la Flore d'Af'riqu. Tropicale (A.E.T.F.A.T.) with the ... i.tance o-r UneBco, which is the 
ba.ia of th. vegetation map given in Tree Planting Practices in African Savannas (LlW.rie, 
1974). Altoceth.r 35 types in 19 broad groups are recognised of which the following come 
within our d.finition of savannal 

A. 8. Forest - aavanna mosaic 

9. Coastal forest - savanna mosaic 

B. 10. Dry deoiduous f'ore.t (with savanna): with 

abundant Bailciaea plurijuga 

C. 

D. 

11 • Dry deoiduou. fore.t (with .avanna): 

12. 

13. 

14. 

16. 

17. 
18. 

Madagasoar types 

Thicket.: Itigi. type. 

Thioket., Madagaaoar type. 

Thioket.1 EthiopillZl .vergreen types 

Un4if'-rerentiat.d: relatively moi.t type. 

BOMhern are .. , with a~t r.oberlinia ~ and !. tom.nto.a 

South_ .. t.rn are .. , wi th abundant Bracb,ystegia and 

Jul bernardia 

19. South - w •• tern are.. (prinoipally on Kalahari .and) I wi th 

a'buncl.ant Brach.y!tegia, Julbernardia, Crypto.epalum p8Uedota.xu., 
Ouibourtia col.o.peJUa and are .. of' .t.ppe (type No. 24). 
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E. 20. UD4itterentiabd: relatively dry type. 

21. EthiopiUl type. 

22. Wi th a'buDd.al1t Colopho.permum moee 

F. 23. Kad.agaacar gr ... aavanna Uld gr ... ateppe 

24. Gr .. a ateppe on ICalahari aand 

G. 25. Wooded ateppe with abundant Acacia and COIIIIIIiphora 

26. Gr .. a ateppe with thick clumpa: we.tern Uganda. type 

27 • Gr... ateppe: Luanda type 

I. 28. ICaroo .ucculent ateppe 

J. 29. Subdeaert ateppel Karoo ahrub and grass 

30. SUbdeaert ateppe: tranai tional and mixed Karoo 

31. Subdesert steppel tropical typea 

To theae ma,y be added the :following: 

Montane graBaland, Sub-tropical graBsland and 
O;ytenanthera bamboo thickets. 

A second edition o:f the A.E.T.F.A.T. map designed to incorporate the oritioism. and 
reviaiona o:f the :first edition is in preparation (White, in pre.s). An interim report 
(White 1974) indioatea that there are now 60 mapping unita (as againat 35 in the earlier 
edition). Theae have been reduced to 14 in the report, o:f which the following repreaent 
the aavlllUlA typea: 

6. Broadleaved woodland and wooded grasaland; 

7. Thorn (Acacia) woodland, wooded grasaland and aamideaert vegetation; 

8. Karoo-lQ'ami b aamideaert ahrublandj 

9. Gr ... land. 

To thia ma,y be added I 

Deoiduoua thioket. 

Savaml& vegetation oooupiea a V&IIt area in A:frica. According to Shantz and Marbut 
(1923), the oomparative areas ocoupud by the three main typea of vegetation are: 

Area . Area 
(Square miles) (Square lei lometrea) Percentage 

For. at 2 056 700 5 326 853 18.4 

Gr .. alazui 4 736 400 12 267 276 42.3 

nea.rt 4 406 900 11 413 871 39.3 

Total 1&D4 sur:face (without lake a 
Uld exolu.4il1g Ma4ag&aoar) 11 200 000 29 008 000 100.0 
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In We.t Atrioa, the .avaDD& belt sweep. from Mauritania, Senegal and Gambia in the 
we.t through lI&1i, pari. of northern Guine" Ivory Cout, Ghana, Togo and Benin, Upper Volta, 
Iipr, the northern four-fifth. of Iipria.!l, Chad and northern Cameroon, oontinues into the 
Su4a. ad. throush the greater pari of the Eariern Horn (Ethiopia, Afar. and Issas, Somalia 
aDd. Soootra). It then wh.els south to the three Eut Afrioan oountries of Kenya, Uganda 
and. TanzuUa aDd thereafter tumll to the v.st to Rwmda, Burundi, Zaire (surrounding the 
oentral fore.t block) aDd. Gabon (15% of the aurfaoe area). Further .outh it fane out to 
Ansola, ZUlbia, Malawi, MOZUlbique, Rhode.ia, Bot8Vana, Namibia and northern parts of 
South Atrica. It oocurs too in the terri tori.s of Lesotho and Swaziland &8 grassland, 
thorn ... vanna. IIDd mixed tree .avaDD&. Muoh of the island of Madagasoar is oovered with 
gras •• avuna and gras., and. thicket., perhaps u a rewlt of .evere degradation of the 
fere.t by cultivation IIDd burning. . 

It i. not po •• i ble, nor iJldeed i. it de.irable, in a P8Per of this length to de.ori be 
in e:ny detail all the .avanna. types in all oountrie. in whioh they oocur. But, perhaps as 
a witable oonoluaion to tbi. paper, the Dev ol .. sifioation adopted by Charter (1970) for 
Iipria' •• aVUlD.& vegetation is .hown in the table below against the well-estabUshed 
ol .. sifioatioD by Ke~ and other authors. 

Table 1 

. 

Charter Kea;y and Jone. ROBevear (1953) 
and other authors 

Fore.t .... aTaDD.& IlO.atc Derived savanna -
Jli:z:ed Leguminoua wooded saVllZlJ1& 

a. with Af.elia atrioana Southern Guinea Guinea aavanna 
sava.ana 

b. wi th IlIOberlinia ~ IIDd Northern Guinea Guinea savanna 
1. tomento ... .aVlll1D.& 

c. with Burkea afrioana -ditto- -ditto-

d. wi th all the .peoi.. above -ditto- -ditto-

Jlixed Combretaoeou. woodlands with 
Combretwn meric .. or Anopi8U8 Sudan .avanna Sudan .avanna 
leiocarpua 

Mixed Aoacia woodlllDd with - -
Acacia .enep1 

Un4:i.tferentiated wooded. .avanna. Sudan aavanna Sub-Sudan aavamla 
of Cla,yton (1957) 
and other author. 

Wooded trepi oal .teppe Sahel aavanna Sahel .avanna 

Plateau gru .... vuma (wb-4oDtane Montane vegetation -
gr ..... vuma) 

11 The actual e:n_t of the .. vuma in ngeria is 86.4% of the land surface (Anon. 1974) 
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INTROlXICTIOI 

The interaction of climatic, edaphic and biotic influences largely results in the 
distribution and oharacteristios of various vegetation types in West Africa as in other 
parts of the world. As a result of this, broad vegetation zones more or less coincide with 
olimatic zones. Localized variation, often due to corresponding localized physical features, 
however, are sometimes found to ooour within these broad zones. 

As West Africa lies almost entirely within the tropics, the climate is often classi
fied .. tropical. In the tropics, climatic changes throughout the year are much more 
dependent on rainfall than on radiation, which shows only minor variations during the year; 
thus the year is divided into rainy and dry seasons. 

GENERAL CAUSE!) OF 'mE WEST AFRICAN CLIMATE 

Climate changes from place to place in West Africa as a result of the seasonal effect 
of three main factors: air masses, ocean currents and altitude. The most widespread 
features are the tropical continental and tropioal (or equatorial) maritime air masses 
whioh alternate seaaonally over the West African land mass. 

The effect of the tropical continental air mass is more predominant from September to 
February. It spreads southwards from the Sahara to about 5~ latitude, cauSing the hot, 
dry weather which characterises most of West Africa during this time of year. It is often 
acoompanied by the dry north-eaaterly wind known as harmattan. 

The tropical maritime air mae. is predominantly active over much of West Africa from 
Maroh to August extending northwards to about 21~ latitude. Associated with it are the 
rain-bearing southwesterly winds. 

These two air masses are separated by a zone known as the intertropioal front (some
times referred to as intertropical discontinuity or intertropical convergence zone). From 
March onwards, the position of the intertropical front moves northwards allowing tropical 
mari time air to penetrate far inland. From about September it moves southwards toward the 
equator and the drier continental air spreads southwards across the West African land mass. 

This alternating northward and southward movement of the intertropical front is 
largely responsible for the orientation of the climatic and vegetation zones in an almost 
lati tudinal pattern in West Afri ca. 

Ooean currents largely contribute toward the dry weather conditions which partly 
renlt in the ooutal savanna of eastern Ghana, Togo and the Republic of Benin (fonnerly 
Dahomey). Cool ocean currenh of uncertain origin occur in the middle of the year off 
the.e ooast. thereby cooling sea and air temperatures and restricting convection. In 
addition to the effects of the ocean currents, the relief features of the Guinea Highlands, 
Cape Three Points, the Ilampong Scarp and the Alcvapim-Togo MountainB oauBe the rain-bearing 
louthvesterlies to lose their moisture on the highlands, so becoming dry westerlies. 

Similarly, the occurrenoe of monsoonal and mountain grassland along the latitudinal 
'bel tl of Guinea and Sudan savanna in Senegal and Guinea are due to the effects of the Fouta 
Djallon Ilountaina. The Jos Plateau has a similar effect on the oocurrence of derived 
lavanna vegetation on its southwestern slopes. 
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OEIERAL CHlRlCTERISTICS 011' WEST AFRICAlf CLIIlATE 

Rainfall 

In the tropio. rainfall is the mo.t vital element in the climate a. the natural vege
tation largely depends upon it. quantity (and eapecially ita effectiveness), it. degree of 
oertainty, it. length and how it f'a118. Fipr.s 1 and 2 ahow the general pi cture of the 
ammal rainfall. Th. v.ry heavy rainfall of the .outhwe.t.rn ooa.t and 'the Cuieroon 
Hiplaad. i •• vident. The low rainfall of central Ivory Coast, ea.tern Ghana and ToSQ are 
al •• cl.ar. Apart fr. th ••• otmtraat1ng featur.s along the We.t African coast, annual 
rainfall d.ere .... replarly northward. frca the ooast, both in 8lllount and duration. There 
i. a .ea.th to north spread in the b.ginning of the rainy s.ason and a oorresponding north 
to south retreat at the .nd. For this reason the rainy season gets progressively shorter 
furth.r north in the area. 

The rainfall i. extremely variable in amount, in time of onset and ces.ation as well 
... regime. Thi. variability is greate.t in the interior. 

Temperature 

Because of it. situation in the tropic., there is the general belief', e.pecially 
among non~fricana, that temperatures in West Africa are exceedingly high throughout the 
year. This is more often an exaggeration. The very high temperatures characteristic of 
m~ months in the lowland part. of .imilar latitudes in East Africa and India are attained 
in West Africa only in or near the desert f'or short periods of the year. 

On the whole, average temperatures in We.t Africa are lower than the world average 
for .imilar lati tuus in the northern hemisphere during winter, during the rains in the 
.outh and almost all year round in Senegal, the coastline of eastern Ghana and Togo, and 
in highland are.... On the other hand, temperatures are higher than the world average for 
similar latitudes in April, July and October. 

A very oommon feature of the temperature condition. in West Africa is the diurnal and 
.ea.onal range of variation. There is a gradually increasing range f'rom the Guinea coast 
northward and a .harper increase from the Senegal coast inland. The greate.t ranges occur 
during the change of .easoDB. 

Sunshine 

Because West Africa i. situated in the tropics, night and da.Y lengths are almost 
alway. equal. For this reason sun.hine seldom exceed. twelve hours. During the wet season, 
clouds and early morning mist of'ten obscure the BUnshine, while during the dry season, the 
.un i. often ob.cured by dust - haze. As a result of this, the recorded sunshine is often 
reduced. Table 1 .hows repre.entative figures of mean daily s\Dlshine in hours for Freetown 
(Sierra Leone) and Kumasi (Ghana). 

Relative Humidity 

High relative humidity is common in rainy areas and duriltg the rainy seasoDB. During 
the dry season, relative humidity drops considerably. Table 2 shows mean percentage rela
tive humidity in January and July for some place. on the coast and in the interior. 

CLIMATE OF 'DIE GUIBEA. SAVADA 
--

Th. aap on pace 8 ah0W. the !.getation son •• of West Africa. The Guinea savanna lies 
roush17 ..,.twe.n latitud •• 7 and 9 30'N and. ooaura to the north of the lowland rain forest 
.xcept f.r the .oa.th.rn portions of GhaDa, ToSQ and the Republic of Benin where it .xt.nds 
.outhward to the Atlantio ooast. Th •• outh.rn aDd northern portions of this vegetation zone 
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show some differences in structure and floristic composition which are consistent enough 
to nbdivide it into southern and northern Guinea savanna. The climatic differences between 
the southern 8Z1d northern portions of the Guinea savanna, however, are more a degree of 
severi ty of conditions rather than of kind. 

Accra - Togo Dry Coastal Savanna 

Some of the reasons for the occurrence of this type of vegetation in this area have 
a1re~ been mentioned. 

The rainfall pattern for this southward extension of the Guinea savanna is similar to 
that of the lowland rain forest, but the monthly and yearly totals are low. The coastal 
fringe between Elmina and Graad Popo baa an average annual rainfall of below 35 inches 
(875 II1II). The number of rain ~s are few and there are only two or three months in the 
year with more than 4 inches (100 DIm) of rainfall. 

Relative humidity is only a little lower than in the rain forest zone. Temperatures 
are generally a little higher than in the rain fore8t zone except from July to September 
when they are much cooler for reasons a1re~ mentioned above. 

Table 3 ShOV8 average monthly maximum and minimum temperatures and rainfall for Accra 
(Ghana) and Lome (Togo). 

Southern Guinea Savanna 

This zone lies roughly between latitudes 70 30' and 90W and extends from Nigeria to 
Guinea. 

Temperatures are moderately high with a wide diurnal variation in the dry season 
which lasts about four to five months. Then follows a rainy season of about seven to eight 
months with lower temperatures and less variation. 

Relative humidity varies between 50 and 8~ but is generally below 7~ at 9.00 a.m. 
during the dry season. Table 3 shows mean monthly maximum and minimum temperatures and 
rainfall for some prinCipal towns within the zone. 

In Jrigeria, total ammal rainfall in this belt ranges from 'about 40 to 50 inches 
(1 050-1 250 mm), with two pealca. The rainy seuon begins in early March and reaches its 
first peak in Ma;y. Rainfall then declineB till July and inoreases again at about August 
to reach a second peak in September before declining sharply to an end in October/November. 
Becauae their timing varies from year to year, the pealca are orten not evident from average 
figures (e.g. Table 3). 

In Loltoja (Jrigeria), mean maximum temperatures range from about 960pa (360 C) in 
February/Xaroh to about 850p (290 C) during July to September, while mean minimum temperatures 
ranse f'roa about 760p0 (240 C) in February/Maroh to about 660pa (190 C) in Jrovember to January. 
CorrellpOJl4ing figures for Mo1tva (Jrigeria) are: mean maximum temperatures 100~ (380 C) in 
Febra.&l'7/11arch to 860p (30°0) in July to Sel'tember, while mean minimum temperatures vary 
fro. about 760p (24°C) in Karch to about 60~ (160 C) in December and January • 

.I.t .oba, although mean daily relative h1lllidity during the dry season ranges between 
70 and ~, humidity orten drops sharply during the d.a;y to below 2Cf!. by early afternoon. 

lJorthern Guinea Savazma 

The northern Guinea aavuma enenda from about 9°)OI}J to about 11°}J latitude in 
Iipria, 12~ in Upper Volta 8Z1d 130J1 further west. 
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Ilaxia,. diurDal Tariation in temperature occurs in the dry season, with less variation 
duriDg the wet seuon (see Table 3). At AfaJca (near ICaduna, Nigeria), mean maximum tempera
tures range from about 1000, (380 0) during February to April to about 780p (260 0) in July 
to August. Mean minimum temperatures range from about 740p (230 0) in April to about 580 F 
(140 0) duriDg llovember to January. 

The rainfall pattern in this zone is generally of a single peak. Annual total rain
fall in this zone ranges from about 40 to 55 inches (1 000 - 1 375 mm). The dry season 
luts about 5 to 6 months (Ootober/November to March) with a rainy season of six to seven 
months (April to October). The rains increase in frequency and amount from April, reaching 
a peale in August/September and then decline sharply to an end in October. 

Mean relative humidity is in the range of 45 - 35% during the dry season months. 
Humidi ty figures of below 20% are camnon in early afternoon from November to January. 

Jos Plateau 

The Jos Plateau within the Guinea savanna is regarded as a highland varient of the 
northern Guinea savanna (Harrison Ohurch, 1968) and, because of its altitude, temperatures 
are generally lower. Table 3 shows mean monthly maximum and minimum temperatures as well 
as rainfall for Jos (Nigeria). 

The rainfall pattern on the plateau iB similar to that of the northern Guinea, but at 
the southwestern edge of the plateau, annual rainfall is generally higher. Average annual 
rainfall for Miango (Jos Plateau) and Nimbia (southwest of the plateau) are about 55 inches 
(1 375 mm) and 70 inches (1 750 mm) respectively. 

At Miango, diurnal variation of temperature is small compared to typical northern 
Guinea savanna. Mean maximum temperatures vary from about 940p (330 0) during February to 
April to about 780p (25 0 0) in July to September. Mean minimum temperatureB are generally 
about 66Cp (190 0) from March to Ma.y, dropping to about 560p (130 0) during December and 
January. 

Mean relative humidity iB generally above 80% during the height of the rains from 
July to September and drops to below 30% during December to February. 

OLIMATE OF mE SUDAN SAVANNA 

This vegetation zone lies north of the northern Guinea savanna and extends between 
approximately 11 0 and 13~ latitude in its southern limit and between 120 and 14~ in its 
northern limit. It includes the southern interior of Senegal, interior Gambia, central 
Mali, most of Upper Volta and most of the extreme northern parts of Nigeria. 

In comparison with the northern Guinea savanna, rainfall is lea a - about 22-40 inches 
(550 - 1 000 mm) aDDUal~. The rains fall for five to six months followed by a dry season 
of six to seven months. The rainfall is much more variable than in the northern Guinea 
savazma. Table 3 showe mean monthly temperatures and rainfall for some principal towns in 
the Sudan savanna. 

Solcoto and Katsina in Nigeria have an average annual rainfall of about 29 inches 
(725 mm) each; Kano receives about 34 inches (850 mm). The rainy season starts in Ma.y, 
wi th the amount and frequency of the rains increasing steadi ly to a peak in August or 
September before deolining rapidly to an end in October. 

Mean max~um temperatures in both localities are about 1020 F (39
0
0) in April and Ma.y. 

DuriDg this period, temperatures of 106°F (41 0 0) are often attained during the da.y. At the 
height of the raiJW during July to September, maximum temperatures average about 880p (31 0 0) • 
.... ~ trrratur.s are lowest d1lr1n« ti •• onths of Dec.ber and .Januar,y av.r&8inc 
a_~t 54 F (12 OJ nt often droppiDg below 50 F (10°0). MinillUla temperatures rise to about 
75oF (24°0) in April and .~ juat before the onset of the rainy .eason and drop to abORt 
70 F (21 °0 ) at the peak of the raina. 



- 14 -

SOlIE DlPLICATIOIS OF CLIMATIC COJIDITIOB'S FOR 
SA. VAlDTA AFFOR1!5TATION 

The rains begin first in the southern portion and progress northward, while their 
oessation begins firat in the north and progresaes a out hward, resulting in the relative 
shortneas of the rainy aeason in the north compared to the aouth. 

North of about latitude 7°30'N, total annual precipitation becomes progressively les. 
than annual evapotranspiration. This means that all areas above this latitude are deficient 
in moisture on an annual basis. This deficit increases with latitude. The difference be
tween the commencement of the rains around Lokoja and Katsina is about three months and the 
length of the rain.y aeason about 200 and 100 d.a3rs respectively (Kowal and Knabe, 1972). 

Foreat plantation establishment in the northern savanna zones would therefore require 
more drought hardy species which can sufficiently establish themselves during the compara
tively short rainy aeason to be able to survive the long dry season. It appears that the 
southern Guinea and possibly the aouthernmost parts of the northern Guinea savanna zones 
oould support a greater number of plantation species than the Sudan and Sahel zones because 
of the comparatively less critical moisture conditions. 

Irrespective of how favourable moisture and light conditions m~ be, plant growth 
ceases when the temperature of the environment either exceeds a certain maximum or falls 
below a oertain minimum value. Between these maximum and minimum values, there is usually 
an optimum range. It is important to distinguish between air and soil temperatures in 
considering the effect of temperature on plant growth. ~ally important is the fact that 
plants differ in their adaptation to ranges of temperature regimes. 

While many annual and biennial agricultural crops have been clasSified into cold 
season and hot seaaon crops on the basis of their adaptability to different temperatures 
(Kowal and Knabe, 1972), there has not been any such classification for forest trees. 

Unsuitability of air or soil temperatures during the whole or part of the growing 
season m8¥ be a decisive factor in the success or failure of exotic or indigenous species 
as plantation candidates in the savanna zones of West Africa. Air temperature conditions 
have never been found too drastic to limit plant growth in the savanna areas. 

Table 4 showa mean monthly soil temperatures at three principal towns in the savanna 
zonea of Nigeria. Too high soil temperatures m~ inhibit proper root development and 
growth. ConSistently high soil temperatures at places such as Mokwa m~ militate against 
successful development of mycorrhizae for good growth of pines in spite of its low latitude 
and annual rainfall compared to places like Afaka. 

Other factors of the environment such as daylength and sunshine and values of potential 
photoaynthesis computed from them have been estimated to be adequate for plant growth in 
the savanna zones. Successful afforestation in the savanna zones of West Africa, therefore, 
will depend on the proper selection of plantation species which are sufficiently adapted to 
utilize the very limited soil moisture (and sometimes the very low levela of nutrients) for 
maximum dry matter production under the prevailing environmental conditions. 
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Jan I Feb I Mar 

TABLE 1 

lIEU DAILY SUBSHIBE (HOURS) FUR 
FREE'roWI (SIEmIA LIDBE) AID KlDUSI (GHAlfA) 

I Apr J(a;y June JulT Aug Sept Oct 

Freetown (Average 12~ 1-:20 l 
8.1 

69 

Kumaai 

3.9 

8.2 7.7 7.0 6.3 5.3 2.8 2.2 4.0 6.2 
% maximum possible 

69 64 57 50 I 42 I 22 16 33 52 

(6
0 

43'B1 10 37'Wl Aver!S! of 2 le&r8 

I 4.3 I 4.8 I 5.0 I 3.7 I 2.0 I 1.1 0.9 2.3 3.9 

TABLE 2 

KEAB RELATIVE HUMIDI'I'Y (%) Ilf JABlIARY AND JULY 
IB WE5T AFRICA 

J8l1UaI'Y 
. a.m • p.m. 

JonaooD and Guinea Coasts 

Conakry (90 31 'B, 130 43''11) 85 71 
Accra (5031'1, DO 12''11) 82 84 
Port-Rovo (60 30'B, 20 37''11) 90 77 

Interior 

Timbuktu (160 47'H, 30 W) 39 29 
Bamako (120 39'H, 70 58'W) 50 27 
Beyla (80 41'1, 80 39''11) 68 31 
Batitingou (100 16'1, 10 23'E) 43 22 

Bov Dec Ammal 
Jean 

6.6 7.0 5.9 

56 60 49 

4.6 3.9 3.4 

July 
a.m. p.lI. 

92 85 
85 85 
89 85 

68 46 
89 71 
94 84 
81 75 
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'l'ABLE 3 

IlAXIJIUJI AID IIIJIIIIUJI TDlPERATURES AID RJ.IJIlI'ALL IlIJ Wl!5T APRICAlIJ S.l.vnn 

85.6 
73.8 

28.6 

82.8119.1118.8180.2183.3185.5185.31 83.8 

1 30.8 
12.1 11.4 10.9 11.6 12.1 12.5 11.8 12.5 
8.8 2.8 0.3 1.4 2.4 1.1 0.4 

Sou1ihern GuiDe. S&TaDD& 

90.2181.1186.1181.5191.8195.3193.21 93.5 
10.8 10.9 69.8 69.1 10.5 69.6 69.5 10.1 
5.5 5.5 8.1 8.9 3.1 0.1 0.2 42.9 

88.0 I 85. 11 84. 3

1 

86. 1 189.8194.6194.0 I ,2.0 

1 48.5 
12.1 12.1 11.8 11.5 11.6 11.1 68.5 12.5 
1.1 1.6 8.4 10.2 3.8 0.3 0 

° 3'W 
.1/86.2185.1186.8189.5191.2190.8/ 91.6 

10.8 69.6 69.6 69.5 69.1 66.0 58.0 61.3 
9.1 11.1 13.6 13.4 6.6 1.3 0.4 66.3 

11°12'. °1 'W 
91.21 .015.5181.8193.0195.2194.61 93.6 

1 
11.0 69.6 69.3 68.8 69.3 66.8 62.0 61.6 
4.8 9.8 12.0 8.5 2.5 0.1 0 46.4 

Jo. PI.1i.au 

80.91 16.4

1 

14.9

1 

18.6

1

82.2

1

83.4

1

82.4

1 

82.2 

I 6).4 62.1 62.3 62.2 62.2 60.3 51.2 61.9 
8.9 13.0 11.5 8.41.60.10.1 56.3 

Sudim S&TaDD& 

81.3

1 

88.8/90.0195.2/93.01 95.1 
11.5 12.2 11.5 63.4 59.4 61.9 
12.0 8.5 3.2 0.1 0 39.6 

85.6

1 

88.2192.0/94.0191.01 94.0 
11.1 11.3 11.6 61.0 63.8 10.8 
13.1 8.1 1.1 0.6 0 44.0 

89.3

1 

92.41100.11101.8191.61 ~8.1 

I 10.4 10.0 11.6 66.2 59.6 68.1 
12.4 5.1 0.5 0 0 33.6 



TABLE 4 

MFAH MOlmlLY SOIL THlPERATtJRE (oF) 

IN 'mE SAVANNA ZOlm) OF NIGERIA 

Station I Jan I Feb I Mar Apr Ma,y June July 

Monthll mean earth tem~erature at 1 ft 

Moleva 83.4 88.2 94.0 93.5 90.5 86.3 83.9 

Samaru 74.7 78.3 84.2 86.8 85.5 81.9 79.6 
Gusau 76.1 81.8 86.9 89.6 89.4 85.1 81.2 

Monthll mean earth tem~erature at ~ ft 

Moleva 84.7 86.5 90.7 92.6 91.0 88.6 86.2 

Samaru 77 .9 78.8 82.0 84.9 85.4 83.6 81.8 

Gusau 81.0 82.6 85.5 88.6 89.5 88.4 85.1 
I 

Aug Sept Oct Nov Dec 

82.7 82.9 84.5 85.9 84.3 
78.1 79.2 80.2 77.4 75. 1 

80.3 81.5 82.4 80.7 78.4 

84.6 84.2 84.7 85.7 85.4 
80.2 80.3 81.2 80.4 78.6 
83.2 83.1 83.7 83.8 82.8 
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Il'mJlXJCTIOI' 

The tem West Atrica is commonly uaed in ref'erring to countries la;ying e .. t of' III'1d 
along the Atlantic cout ot continental Atrioa. In·· this paper West Africa will include 
(Pugh uad Perry, 1960) Jlauritania, Senegal, Gambia, Guinea-Bissau, Guinea, Sierra Leone, 
Liberia, Ivory Cout, Ghana, Togo, Benin, Mali, I'iger, Upper Volta aDd I'igeria. These 
countries lie between the latitude 5~ and the Tropic of Cancer and cover about 2 200 miles 
trom e .. t to west III'1d 1 200 miles f'rom north to south with a total area of 2 333 041 square 
miles. The 10-inch isohyet where the density of' population is about 2 persons per square 
mile is aore or less the northern boundary of the Sudan zone and of West Af'rica. 

Climate is a very 
growth in West Africa. 
leaching of' bases, soil 
vegetation. 

CLIMA~ 
Btrong and aotive factor affecting soil f'omation as well as plant 
Its etfect on the soil is shown directly in rock weathering, 
development and indirectly by its influence on the nature of' 

Rainfall distribution in West Af'rioa is tairly constant. Rains are oaused by two 
main movements of' air masses - a dry continental air mass to the north and a moist bod,y of 
tropical maritime air to the south. 

The latter brings rain which produces the wet and dry se .. ons, whilst the f'omer 
brinp in the cold, dry air from the north which is called harmattan. North of' latitude 80 

or 9~ there is only a single wet season with a single peak and followed by a long dry 
season. South of' this latitude there are two distinot rainy seaeons with double pealcll, 
namely April-July aDd October~ovember. 

In the savarma are .. , average annual rainfall is generally less than 1 150 I11III; the 
range would be from 510 iDDI to 1 150 I11III. Potential evapotranapiration ranges from 1 270 I11III 

to 1 520 mm (50 to 60 inches) a year (Ahn, 1970). This creates a general def'icit of soil 
moisture throughout the zone. The findings at Afaka Forest Reserve (Samie, 1973) showed 
that the 1 360 I11III (54 inches) of' rainfall in 1969 provided an ample supply of available 
soil moisture to grow plantation trees in this area. It was also reported that regions 
with less than 380 I11III of' rainfall are unlikely to support natural forests (USDA, 1938) 
III'1d areas with less thaD 760 I11III do not readily allow economic production of timber. Heavy 
aDd concentrated rainfall effects leaching of weathered materials in the profile. The 
amount of rain infiltrating into the soil depends upon its intensity, vecetation cover, 
slope of land, soil moisture content, soil texture aDd compactness and time of~. Less 
rainfall and sparse vegetation with warm temperatures allow less peroolation in the soils 
of the northern parts of the savannas than in the high rainfall, high forest belt of' the 
southern parts of' West Africa. Slow and even rainfall permits the water to penetrate into 
the soil, whereae a BUdden downpour creates runoff and alBo cause8 soil erosion. Due to 
this diff'erence in amount of rainfall between the northern and the 80uthern parts of West 
Af'rica, (see Rainfall map, page 16). leaching also varies, being great where the rainfall 
i8 heavy 80 that the tendency of the soil reaction would be slightl~ alkaline to neutral 
in the northern part and acidic toward the southern part (Ahn,. 1970). 

GEDLOOY 

West African geology oonsists mainly of three known cl .. ses of rock formations. The 
first two are orystalline rocks, or i~eoU8 (granite) aDd metBIDorphic (gneiss and quartzites), 
whioh are the oldest (pre-Cambrian) (see Map 1) III'1d together these are commonly called roclca 
of the Basement Complex. Less extensive are the younger sedimentary rooks which cover most 

11 A more detailed discussion on climate is presented in the preceding paper 
by M.A. Ogigirigi. 
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of the Niger River valley and western parts of Senegal and Guinea. The very much older 
sedimentary rocks (sandstones) are found mainly in the Northern areas of the Ivory Coast 
and Guinea. Most of these sedimentary rocks also rest on the Basement Complex sometimes at 
very great depths. Some of the old rocks weathered very slowly or were resistant to erosion 
with the result that they form the upland features of the Guinea Highlands, the Atakora 
Ranges, the Jos Plateau, the FOuta Djallon and the Adamawa Highlands. Most rocks on the 
Basement Complex are less resistant to erosion and subsequently levelled the lands almost 
to wide plainS, known by some authors as peneplains. Widely scattered over the peneplains 
are isolated hills in the form of domes made up mainly of granite. They are commonly bare 
or covered by very thin soils or gravels and stones and are known as insolbergs. Rocks of 
the Basement Complex produce poor soils as the minerals composing them are very resistant 
to weathering and contain very low reserves of weatherable minerals. Upon cropping, the 
soil fertility is soon depleted. Through traditional experience the farmers have learned 
that in order to produce good crops it is better to abandon the" farms for a while and settle 
in another virgin area. Five or more years later when native vegetation has been re
established in the abandoned area, farmers will clear and farm again. This is the basis of 
what is known as "shifting cultivation". 

Volcanic rocks are located in the area around Mambilla, south of Potiakum, on the 
Jos Plateau and to a small extent in Senegal. Soils formed from this rock are generally 
much more fertile than those from the Basement Complex, as the content of weatherable 
minerals is high. 

SOILS I GENERAL 

The depth of soil that can be formed depends upon the factors affecting soil forma
tion. The texture as well as the fertility of a s011 depends principally upon the factors 
affecting rock weathering. 

The breaking of roct. into fine particles is accomplished by either a mechanical or 
chemical process, or by both. Where temperature is high and rainfall is low as in the 
northern parts of West Africa, rock weathering is mainly by mechanical means and thus pro
duces coarse textured soils which are usually of low fertility. But towards the southern 
parts, rainfall becomes progressively greater and rock weathering gradually changes to 
chemioal means producing fine textured soils. The rock minerals change into more soluble 
forms thua producing more fertile soils. In the drier areas, the savanna vegetation (grass 
and trees) dominates, but in the much wetter areas, high forest becomes dominant. In 
~neral, the volume of vegetation in savanna areas is less than that in the forest areas 
(Ahn, 1970). Trees tend to extract nutrients from the soils at much greater depths than 
grasses. Due to seasonal burning in the savannas, large amounts of organiC matter and soil 
nutrients are lost. Burning is not frequent in high forest areas and the nutrients in the 
top soils are greater than in savanna soils. From 15 em and deeper the amount of nutrients 
in the horizons is practically the same for both savanna and high forest soils. 

SOIL CHEMICAL PROPERTIE3 

The chemical aspects of West African savanna soils were discussed in detail by Nye 
and Greenland (1960), Ahn (1970) and Jones (1973). The following discussions will be 
limited to the chemical characteristics of the soil that were found to influence the 
establishment and growth of exotic tree speoies. 

OrganiC Matter and Nitrogen 

Many West African savanna soils are low in organic matter and nitrogen. This is 
oaused primarily by the effects of environmental faotors and human interference on vege
tative growth. Usually in undisturbed soils, the level of organic matter builds up to a 
limit governed by the type and production of vegetative materials. 
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Table 1 Bhowe amounts of soil oarbon and nitrogen for scme Bites in the savazma. areas 
of West Urioa. At Yambava in Sudan savanna, for example, the average contentB of oarbon 
and nitrogen were 0.22 and 0.022 peroent, reBpectively; whereas corresponding mean values 
of 0.98 and 0.058 peroent were reoorded at Afaka in the northern Guinea Bavanna. .A strilcill8 
feature of organic matter and nitrogen in savanna BoilB is the similarity in their diBtri
bution to vegetation patterns. This is baSically so, as the vegetation serveB as a medium 
through which other fact orB that influenoe organic matter level express themselves. 

Site 

Ghana.!! 

Ivory Coast'!! 

Upper Niger 

Afalca, Nigeria 

Moba, liigeria 

Yambawa, Nigeria 

Hadejia, Nigeria 

TABLE 1 

CARlDN AlID NITROGEN COliTENTS OF SOME SURFACE 
__ --"WES=T_AFRIC»~SAVPNA SOILS 

Rainfall No. 
pH %c (mm ) Samples 

1 143 9 6.0 0.44 

1 180 5 4.6 1.15 

381 10 6.2 0.23 

1 245 24 5.9 0.98 

1 118 19 6.3 0.88 

162 5 5.9 0.22 

610 3 6.0 0.23 

.!! Data quoted by Nye and Greenland (1960). 

%B c/N 

0.034 12.9 

0.063 18.3 

0.022 10.5 

0.58 16.8 

0.060 14.6 

0.022 10.0 

0.021 10.9 

Jones (1913) has Bhown that the two major factors governing the amount of carbon and 
nitrogen in well drained West African savanna soils are clay content and a moisture factor 
measured by the length of the wet season. Recently, Kadeba (1915) showed strong significant 
correlation between organic matter and mean annual rainfall for some sites in the savanna 
zone for Nigeria. The effeot of latitudinal position on organic matter level was also 
demonstrated. There was a decrease of 0.40 and 0.03 percent, respectively, in soil carbon 
and nitrogen contents per degree latitude to the north. Not only does quantity of organic 
matter in the soil vary with environmental conditions, but also the quality. Work done on 
savanna soils showed the c/N ratio decreases with decreasing rainfall, in keeping with the 
findinga that the degree of humification of organic matter increases with dryness of 
climate (Duohaufour and Dommergues, 1963; Jones, 1913). 

Burning, cultivation and grazing are oonunon features of peasant agriculture in West 
Africa. The degrading effeots of these practices on soil organiC matter and nitrogen have 
been demonstrated (Jenkins, 1964; Moore, 1960; Nye and Greenland, 1960; Jones, 1911; 
Jones 1913). The suppression of nitrogen mineralization by annual early burning was docu
mented in a stud3 at Afaka in northern Guinea savanna (Kadebar 1913). 

Available data provide evidence of the influence of soil parent material on Boil 
organic matter. This is expeoted, in as much as parent material determines soil texture. 
In a region of predominantly Bandy BOils, the influenoe of clay on soil fertility and hence 
on vegetative growth could be oonsiderable. 

PhOBphorus 

PhosphorUB is one of the primary elements limiting the growth of forest trees in 
BaV8llll& areas of WeBt Africa. Most Bavanna soils have less than 100 ppm total P. Little 
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oonoentration of phosphorus ooours through vegetative cycling and spectacular responses to 
applied P have been observed in several areas (Nye and Greenland, 1960). 

The data of Ipinmidun (1973) shown below provide information on the levels of total 
and organio P that could be met on some sites in the Nigerian savanna region. 

Location Soil Category Ort-::c P Total P 
.J>pm) (ppm) 

Azare Juvenile soil on 
aeolian sand 10.6 37.6 

Mokwa Undifferentiated 
ferrisol and lithosol 25.3 73.6 

Oohanja Ferrallitic 39.8 82.2 

Many West Afrioan studies have shown that values of organic P constitutes a signifi
oant propotion of total P (Omotosho, 1971; Acquaye, 1963; Friend and Birch, 1960). It 
has also been suggested that input from organic P through mineralization to available P 
could be comparatively large in these highly weathered soils. 

The deficiency of P in savanna soils is often attributed to the occurrence of 
relatively large amounts of free Fe and Al oxides that lead to strong P adsorption. This 
may be true in certain instances as in volcanic soils. Most tropical soils possess oxides 
that are highly crystalline, of low surface area and hence they fix small amounts of 
applied P. Low addition of P fertilizers will maintain satisfactory P concentration in the 
soil solution. Residual effects of phosphate ~ve significant correlation with crop yield 
on such soils in a field experiment in Samaru (Ipinmidun, 1973). 

In ferruginous and other soils of West Africa, the amounts of 'active' oxides and 
their participation in phosphate sorption may depend on the organic matter content of the 
soil and hence the depth of sampling. Juo and Maduakor (1974) found that a surface and 
subsurface Funtua soil in the Guinea savanna, required 96 and 456 kg/ha of P respectively 
to maintain an equilibrium soil solution of 0.2 ppm P. 

Exchangeable Nutrients and CEC 

The most important parameter determining the cation exchange capacity (CEC) of savanna 
surf'aoe soils is the soil organic matter content. In the Guinea sa.vanna, it has been 
estimated that between 60 and 85 percent of the cation exchange surface is provided by the 
organic matter (Kadeba and Benjaminsen, 1975); the CEe of organic matter was calculated as 
lying between 282 to 322 mEq/100g. In the subsoil it is the mineral fraction of the soil 
that makes significant contribution to the CEe. In keeping with the kaolinitic nature of 
the clay as well as the low organic matter level, the CEe of the soils are generally low, 
often less than 10 mEq/100g. 

The levels of the exohangeable cations are determined primarily by the kind of soil 
parent material. Soils derived from Basement Complex contained between 0.35 and 3.99 per
oent total K oompared with 0.06 and 0.11 percent total K for soils derived from sandstone 
(Wild, 1971). Exoept in sandy soils, oation deficiency is not a serious problem under the 
non-intensive farming conditions whioh prevail over most of the savanna region of West 
Afrioa. Moreover, because of the low CEC, the percentage saturation of the exchange 
oomp1ex by the individual oations is relatively high and this might be a favourable factor 
in their availability. 
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Mioronutrients 

There is limited evidenoe of the effeots of mioronutrients on growth of exotic tree 
speoies in the savanna zone of West Africa. In Nigeria, the die-back of eucalypts has be.,. 
assooiated with boron defioiency. At Samaru, hot-water-so1ub1e boron, whioh is used as an 
index of availability, ranges from 0.03 to 0.13 ppm with a mean value of 0.076 ppm. There 
is evidenoe that sulphur and molybdenum levels are often marginal for groundnuts. 

SOIL CLASSIFICATION 

As a oonsequence of the different factors of weathering and soil formation, a large 
number of different types of soil were produced. To study these different kinds of soil 
individually is impossible and it is, therefore, necessary to classify them into units -
each unit with soils of similar characteristics. A system of broad c1assificaticn of soils 
was developed by Pugh and Perry (1960) in which the soils in West Africa were classed into 
four groups as follows: 

Northern sandy 80i1s. These generally cover the Sahel and part of the Sudan zones. 
Vegetation is mainly grass with a few low trees. The area is used mainly for pasture. 
The sandy materials are usually blown by wind during the dry season. 

Zone of 1ateritio soils. The soils in most of this area are poor and clearing of new 
lands often exposes the soil to laterite formations thus extending the areas of poor 
soil. Soil erosion is also common and fertilizers are needed to produce economical 
crops. 

Equatorial forest soils. High forests are found in this zone of high rainfall and 
humidity. Soil is less eroded and is highly desirable for agriculture. This forma
tion is found in the lower parts of the Guinea zone. 

Coastal swamp soils. The soils in this class are mostly mud and sand mixed with 
organic matter and are usually saturated with brackish water. Vegetation is mostly 
mangrove. When properly washed and drained, the soil can be used for farming. 

Another more precise and technical c1assifioation was prepared "by D'Hoore (1964). A 
similar soil classification was also prepared by Unesco and FAD, but in as much as the 
soil map published in FAO Forestry Development Paper No. 19 (FAO, 1974) is the one based on 
D'Hoore, the authors decided to use this and to describe the soil units based on D'Hoore's 
report on the Explanatory Monograph No. 93 dated. 1964. In this system, the different soil 
units were classified into main groups according to their developing genetic criteria. 

The soil map presented in this paper is a reproduction of that published in FAD 
Forestry Development Paper No. 19. Only soil units covering the Sudan and Guinea zones cf 
West Africa are included in the following discussions. The soil units numbered in figures, 
correspond to those in the legend on the soil map. 

Raw Mineral Soils 

The term "soil" may scarcely be applied under this group~ The environmental condi
tions encountered here are so unfavourable to biological activities that living processes 
and the pedogenesis they promote are lacking almost completely. These are "pre-soils", or 
soils near zero time in soil formation. The raw mineral "soils" are of particular import
ance because of the enormous surface they cover, specially in the northern parts of West 
Africa. 
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1. Desert Soils, Undifferentiated 

Definition. This includes all loose materials, mostly sandy and submitted to desert 
oonditions. Lssociated with this are also desert pavements that are transported and some 
halomorphic soils, whioh are not differentiated. 

Distribution. Found mainly in the Sahel or north of the Sudan zone of West Africa. 

Value for forestry. At present these soils do not have much value for forestry. 
However, with irrigation they can be made to support some species of trees intended for 
fuel or posts. The soil needs application of abundant organic matter to increase water 
holding capacity. . 

Weakly Developed Soils 

Soils in this group are classified with the order entisols (USDA 7th Approximation, 
except for the sub-ciesert soils that belong to aridisols). These r.:oils have a. low level of 
profile development reflected in a very weak differentiation of horizons. B'actors contribu
ting to their poor development are: 

a) Parent materials low in alterable or transferable minerals and 

b) Erosion processes that remove loose superficial l~yers as soon as they are 
formed, either due to strong relief, intense winds or rainfall, or bv all of the 
these factors. 

6. Skeletal Soils, Mostly Rock Debris with Pockets of Soils 

Definition. Soils with very weak differentiation of genetic horizon, containing 
coarse elements and having solid rock within a depth of 30 cm. 

Distribution. Found mainly in the high-lands as well as widely distributed amonF, 
other soil units, especially within the ferruginous tropical soils. 

Value for forestry. Generally low. This soil requires erosion control measures, 
such as oontO\lr trenohing, planting on the contour and application of fertilizers, to raise 
the level of fertility. This soil can be used for reforestation of shallow rooted trees 
or trees whose roots can penetrate the plinthite layer. 

7. Weakly Developed Soils on Young Allevium, Often Halomorphic or Hydromorphic 

Definition. Deposition is still proceeding intermittently in these soils and they 
are characterized by a great heterogeneity. They differ not only from one spot to another 
but also after a flood, as reflected by the stratifications in the profile. Moreover, the 
age of the deposits is not the same throughout. It is mapped as complexes. 

In the most recently deposited soils, humic horizons are often lacking whereas the 
gley horizon is barely discernible, but on older formations covered by vegetation there 
are humic horizons, showing structural development and a gley horizon becomes perceptible. 

Distribution. This soil unit although not very extensive, is well distributed. It 
~ be found under every olimate near bodies of water which fluctuate periodioally. 

Value for forest~. The forestry potential is influenced largely by the composition 
of the sediments and t e type of olimate. Alluvial plains often comprise the soils with 
the highest potential for planting. It is seldom that these favoured soils make up all of 
the alluvial deposits. Henoe detailed soil mapping prior to reolamation is always useful. 
Areas with deep and moderate textured soils, however, will support good growth of trees -
provided there is suffioient moisture available. 
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13. hic Soils with ed on Calcareous and Basic 

Rocks, but as a 

Definition. These lithosols on a calcareous crust may still be forming and are a 
produot of present day soil formation. They are found on loose sediments, generally in 
association with brown soils of arid and semi-arid tropical regions and in areas with flat 
or slightly undulating relief. A thin layer of brown to red aeolian sand overlays a 
calcareous crust of variable thickness. The pH is neutral to slightly alkaline. In the 
clay fraction illite and montmorillonite are the dominant minerals. Of course, these soils 
may be considered lithosols only in so far as the loose overlying l~yer is sufficiently 
thin (30 cm). 

Distribution. This formation is limited to the relatively arid regions situated near 
the border of the desert or in the northern part of Senegal. In North Africa its presence 
seems linked to calcareous bedrock. 

Value for forestry. These soils have a certain potential for forestry. In North 
Africa they often oarry vineyards and also m~y be used for extensive grazing. Their use 
for forestry may be a problem due to insufficient rainfall in the area. Irrigation m~y 
help. 

Brown and Reddish-Brown Soils of Arid and Semi-Arid Regions 

The brown or reddish soils are darkened by organic matter in the greater part of the 
profile under steppe vegetation, are without an A2 horizon, but have a textural structural 
or colour B horizon. The reserve of weatherable minerals in the soils is often consider
able but this depends on the composition of the parent material. Ordinarily they contain 
appreciable quantities of clay minerals with 2:1 lattice. The cation exchange capacity of 
the mineral complex,which is medium to high, is more than 50 percent saturated in horizons 
B and C and often contains free carbonates. These soils are situated between the desert 
areas and the equatorial region. 

12. the Arid and Semi-arid 
olinitic Clay Complex 

Definition. These soils are formed under a hot dry climate where annual rainfall 
rarely exceeds 500 mm. They are often formed on aeolian deposits where the climate is 
rather more humid and the parent rock rich in bases. Impeded external drainage seemR to 
favour their development. 

Although the total organic matter content is low (less than 1%) it is well distributed 
throughout the profile. The !<'rench classification subdivides the group" sols bruns BUb

airdes" into two subgroups: the brown soils proper and the red brown soils. 'fhe latter 
differ from the former in that they are generally developed on sandy parent materials, have 
a greater thickness, generally do not contain any free carbonate, are lower in organic 
matter and are neutral to weakly acid. It is necessary to bring in climatic variations and. 
chronological successions to explain their present co-existence. 

Distribution. Parent materials are not only of aeolian sand deposits that border the 
desert regions but also weathered sandstones or paleopedological mantle material as well. 

Value for forestEr. Generally, these soils are not suitable for forestry due to low 
rainfall, but under irrigation they may be able to produce early maturing trees. Gultiva
tion tends to deteriorate the good structure and permeability of the soil. Addition of 
organic matter should be maintained but excessive irrigation should be avoided as this 
oould induoe more destruotion of the structure and oause the soil to become compacted. 
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Vertisols and Similar Soils 

Vertisols are important in view of the possibilities for agriculture. African 
vertisols have all of the morphological characteristics of true vertisols but the clay 
fraction is rather lower in expandable minerals and consists more of amorphous gels, than 
those defined under the U.S.D.A. 7th Approximation. 

Vertisols are subdivided into (1) lithomorphic vertisols and (2) vertisols of 
topographic depressions. Eaoh subdivision is related to distinct geomorphological features 
that oan be mapped readily and correspond respectively to the usterts and aquerts of the 
USDA 7th Approximation. 

14. Soils with Dark Non-Kaolinitic Clays Confined to Topographic Depressions: Occurring 
in Semi-Arid Areas with a Marked Seasonal Distribution of Rainfall 

Definition. These soils are found in topographic depressions with poor external and 
internal drainage. They seem to develop under climates where potential evaporation is high 
during part of the year and on parent materials (often sediments) of enriched insoluble 
constituents derived directly or indirectly from surrounding higher land. Accordingly, 
they are more commonly associated with soils having sodic, calcic or gypsic horizons than 
are the vertisols of lithomorphic origin. The reserve of weatherable minerals is often 
high. The clay fraction usually consists mainly of 2:1 lattice clays, especially the 
montmorillonite and mixed layer clay minerals. The cation exchange capacity of the complex 
is high and is generally more than 50 percent saturated, mostly with bivalent cations 
(normal ammonium acetate at pH 7). 

Distribution. These soils are found only in areas under conditions of relatively 
well marked seasonal drought: three months of dry season and a mean annual rainfall of 
1 000 mm or less. The Sudan depressions are probably the largest expanse of these soils 
in the world. 

Value of forestry. Their topographic situation frequently associates them with 
calcimorphic or halomorphic formations and impedes drainage and desalinization. After 
drainage, these soils may be used to grow trees with high water requirements like Eucalyptu 
robusta. In the Sudan zone trees like Acacia nilotica, !. seyal, !. albida and !. Senegal 
may be tried. 

Ferruginous Tropical Soils (Fersiallitic Soils) 

These are soils with an ABC profile; some have an A2 horizon and a textural B horizon 
showing uniform or a weakly prismatic structure. There is a frequently observed marked 
separation of free iron oxides, which may either be leached out of the profile or precip
itated within the profile in the form of nodules or concretions. The reserve of weatherabl 
minerals is appreciable. The Silt/clay ratio is generally above 0.15. The clay is mostly 
kaolinitic but often oontains small amounts of 2:1 lattioe clays. Gibbsite is generally 
absent. The Si02/A1203 ratio is near 2 or slightly higher, while the Si02/R203 ratio is 
always below 2. The oation exchange capacity of the mineral complex is low but higher than 
that of ferrisols and ferrallitic soils having comparable (granulometric) clay oontents. 
The oation saturation of the B horizon generally exoeeds 40 peroent (normal ammonium 
acetate at pH7). 

As compared to the ferrallitic soils that often overlay weathered layers several 
metres thick, the ferruginous tropioal soil profiles are seldom thicker than 250 cm. The 
thiokness of the altered l~ers that separate them from the fresh rock is alw~s less than 
100 em over crystalline acid rocks. 

Colours are duller than those of ferrallitic Boils and fall in the 100 YR and 7.5 YR 
range, exoeptionally in the 5YR range. There is generally a differenoe of 2 to 3 points in 
value and ohroma between oolour of wet and dry soil. Most ferruginous tropioal soils would 
fall under the ultustalf. 
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Their high oontent of alterable ferruginous minerals m~ give rise to important 
liberations of iron and frequently to formation of iron orusts at slight depth. Moreover, 
like all but the most permeable of the ferruginous tropical soils, they are very vulnerable 
to erosion. 

aturated. 

Definition. Unlike other ferruginous tropical soils, the one on sandy parent material 
does not have a textural B horizon. In other words, leaching is not a dominant factor. 
Rainfall usually ranges from 500 to 1 200 mm. The reserve of weatherable minerals ie often 
appreciable and clay is mostly the kaolinitic type. Soil drainage and depth to the 
plinthite layer are the principal characteristics of this soil unit. 

Distribution. The distribution of this soil is zonal, generally covering the Sudan 
zone and the northern parts of the Guinea zone. 

Value for forestry. This soil is generally used for planting of many species of 
Eucalyptus and some species of pines. Although relatively poor, the land is suitable for 
meohanized farming and gives good response to fertilizers. Better response to fertilizers 
is achieved by increasing the organic matter content of the soil. In spite of the low 
rainfall in the area, soil erosion needs attention. 

16. Ferruginous (Fersiallitic) Tropical Soils: on Miscellaneous Rocks. 

Definition. Because of the high quartz content of their parent materials, these soils 
are generally lighter than those of the other units. Since they contain less iron they 
are less frequently iron crusted, but their leaching may be important and often leads to 
a textural B horizon. 

Distribution. On the map this unit reflects the frequent outcrops of more or less 
basic veins that traverse the pre-Cambrian Basement Complex and the post-Cambrian sediments 
that oover it locally. In climatic zones more humid than those favourable to the formation 
of ferruginous tropical soils, such outcrops give rise to ferrisols or ferrallitic soils, 
where the dominant colour is red, on rocks rich in ferromagnesian minerals. These soils 
are specially dominant in the Guinea zones. 

Value for forestry. Low to average. These very erodible soils should be used with 
care. The little rainfall limits the species of trees that can be planted. Eucalypts and 
neem were found to be doing well. 

Ferrisols 

Like the eutrophic brown soils of tropical regions, the ferrisols are a transitional 
group which are evolving under a hot and humid climate and whose normal development is 
retarded compared with that of neighbouring soils. In the case of the ferrisols, this is 
effected mainly by surface erosion which forces the profile to develop in depth at the 
expense of less weathered parent material. The ferrisols, just as the eutrophic brown 
soils of tropical regions, are distinguished from neighbouring soils by their better 
struoture, their higher biologioal activity and, therefore, by their higher fertility. 
More widespread than the eutrophic brown eoils of tropical regions, they also developed 
under more humid climates. 
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17. 
Reserve. 

Definition. Ferrisols have a profile closely resembling that of ferrallitic soils, 
often having a structural B horizon with aggregates having glossy surfaoes. These coatinge 
are not always evident when a profile has become dry. They are not necessarily coatings of 
clay but may be due to the presence of mixed alumino-silica gels. The reserves of weath
erable minerals are generally low but may exceed 10 percent of the 50-250 micron fraction. 

The clay fraction consists almost entirely of kaolinite, free iron oxides and 
amorphous gels, sometimes with small quantities of 2:1 lattice clays and gibbsite. The 
Si02/A1203 ratio is near 2, mostly slightly below 2. The cation exchange capacity of the 
(granulometric) clay fraction of the B horizon generally exceeds 15 mEq per 100~ and is 
intermediate between that of ferruginous tropical soils and that of "['errallitic soils 
sensu stricto. The saturation of the B and C horizons is less than 50 percent (normal 
ammonium acetate at pH7). 

As for their plaoe in the USDA 7th Approximation, the absence of oxic horizons 
requires that they be classified provisionally among the ultisols, although certain objec
tions might be raised to the truly argillic nature of their B horizon. 

Distribution. In the equatorial zone these soils are generally found at altitudes 
higher than 1 600 m, such as on the Jos Plateau, and in Sierra Leone and Liberia. 

Value for forestEY. Although these soils are higher in plant nutrients than ferrall: 
tic soils (sensu stricto), they appear to be relatively poor soils as compared to the 
eutrophic brown-soils of tropical regions which have developed on similar parent materials, 
When climate, landform and altitude permit, they are suitable for most trees like teak, 
Gmelina and pines. 

Ferrallitic Soils (Sensu Stricto) 

On the African oontinent ferrallitic soils cover approximately 5 338 000 km2 or more 
than 18 percent of the total surface. Consequently, the ferrallitic soils are the most 
extensive group of soil units in Africa. (Less homogeneous desert detritus, with 
5 913 000 km2 , can hardly be considered soil.) Ferrallitic soils reflect the final stages 
of weathering and leaching, wherein onl,Y the least mobile and least weatherable consti tu
ents remain and where even kaolinite may become altered. 

Notwithstanding their apparently zonal distribution, a major part of these soils is 
not exclusively the result of present d~ soil formation. Many are po lygenetic, i.e. recel 
soils developed in old weathered l~ers that have undergone ferrallitic pedogenesis and 
which have remained in place or have been reworked and redistributed according to the new 
relief of the rejuvenated landscapes. Such ferrallitic mantles are most frequent in inter, 
tropical Afrioa, where they persisted due to the flatness of the major part of the conti
nental massif. 

The subdivision that has been maintained is a compromise among the different systems 
of olassification that were in use in Africa at the time when the partial maps were 
established. It i8 based on criteria that at first glance m8\Y appear somewhat ill-assorte 
and where colour oocupies a paramount place. 

20. Ferrallitic Soilsl on Miscellaneous Rocks 

Definition. These are soils that are often deep, whose horizons are only 8lishtly 
differentiated with diffuse or gradual transitions, but sometimes having an A2 or textural 
B horizon. Thia B horizon m8\Y have slisht struoture in the more ol8\Yey profiles but the 
aggregate8 do not show olearly developed glossy surfaces as are described for the ferrisol 
The struotural elements are often very fine subangular block;y peds, more or less coherent 
and forming a very friable, porous mass. There ia little or no reserve of weatherable 
minerala. 
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The 8ilt/ol~ ratio (20/2 miorons) is generally less than 0.25 in horizons B and C. 
Cl~ minerals are predominantly of the 111 lattioe type and are mostly assooiated with large 
quantities of iron oxides. Although they are generally associated with hydrated oxides of 
aluminum, gibbsite, one of the or,ystalline forms, is not an essential constituent, though 
it is frequently present. The Si02/A1203 ratio is sometimes near 2 but usually below. The 
cation exchange capacity of the (granulometric) clay fraction is generally below 20 mEq per 
100g and the level of saturation in horizons A and B is generally below 40 percent (normal 
ammonium aoetate at pH7). It must be noted that this definition is slightly more restrio
tive than that of the French classification. In the USDA classification, 7th Approximation, 
oertain ferrallitic soils could be ranged among the oxisols, but the absence of oxic 
horizons exoludes many others which tend toward the ultisols. 

Distribution. This element is as equally well distributed to the north as to the 
south of the equator but the total surface occupied is much less than that under yellowish
brown ferrallitic sandy soils, even though both units cover similar geological formation. 

Value for forestry. The low fertility level of these soils varies with their clay 
oontent (20 - 6~), with the nature of the rock from which they are directly or indirectly 
derived, with the present-day climate that ranges from per-humid to sub-humid and with the 
vegetation the climate has induoed. 

Due to their low base saturation, the quantity of bases that must be added to increase 
yields significantly often is rather high and under current circumstances, often prohibi
tive. 

Their value for forestr,y is comparable to that of yellowish-brown ferrallitic soils 
on loose sandy sediments. Trial planting of species of trees which have very low nutrient 
requirements is recommended. Casual observations showed Gmelina as a promising species. 

Hydromorphic Soils 

22. Hydromorphic Soils, Temporarily or Permanently Waterlogged 

Definition. These are soils, other than vertisols and similar soils, whose develop
ment and characteristics (presence of gley and/or pseudo-gley in at least one of their 
horizons) are influenced by permanent or seasonal waterlogging. Some of these soils have 
a relatively high level of cation saturation. 

Distribution. From the climatic point of view, distribution of these soils is not as 
extensive as that of the juvenile soils on riverine and lacustrine alluvium with which they 
are most frequently associated. In more arid regions, hydromorphy is replaced by halom~. 

Value for forestEY. Several of these soils have relatively little value for forestr,y 
especially those that are waterlogged either temporarily or seasonally. Their reclamation 
may neoessitate control of the water level. However, some species of trees like Eucalyptus 
robusta may be tried. 

SUMMARY AND CONCLUSIONS 

Two main problems oonfronting afforestation in West Africa are (1) climate and 
(2) soils. The effeot of olimate is shown both by its influence on the growth of trees and 
by its influenoe on soil formation. 

The different kinds of parent materials and living organisms acted upon by the 
different elements of climate resulted in the formation of different kinds of soils. To 
be able to study diligently all these kinds of soils would first require a systematic 
olassifioation so, that similar soils needipg similar treatments or management could be 
grouped. together. 
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The ferruginous tropical soils are the most widely enoountered soils in the Sudan and 
Guinea zones of Weat Africa as the rainfall (500 to 1 200 mm per year) and a well separated 
dr,r and wet season seemed to favour their formation. Many pilot plantation trials of 
different species of eucalypts and pines (f. caribaea and E. oocarpa) have given very good 
resul ts when grown in the Guinea zones. 

The soils north of the ferrugineous tropical soils are the largest in extent in West 
Afrioa but, having very little rainfall (less than 500 mm per year), produce scanty 
vegetation. They also have ver,r little value for forestry. Trees like Azadirachta indica 
seemed to be favoured north of the 500.mm isoyeth, but lately, Acacia senegal, !. albida, 
!- seyal and A. nilotioa are becoming 1mportant trees in this ~rea; !. senegal for its gum 
arabic and !. nilotioa for its tanning material. 

South of the ferruginous tropical soils, rainfall becomes much heavier, vegetation 
much thioker and both crops and tree production much higher. In this area, teak and 
Gmelina are more adaptable, and in the much elevated areas, pines are promising. 

The best soils in West Africa are those developed from volcanic rocks (newer basalt) 
but are of ver,r limited extent. Teak, Gmelina and pines have shown ver,r good results. 

In relation to chemical ~roperties the soils most suited to plantation development 
are those in which there is a) sufficient depth of soil above the parent rock and 
b) a sufficient amount, and in proper proportions, of mineral nutrient elements. Few 
sites meet these criteria. Quite a good number of the various species of eucalypts being 
tried in the afforestation programme will thrive well on sites with marginal fertility if 
the problem of die-back caused by boron deficiency is rectified. Pinus species need an 
adequate level of phosphate for successful establishment in the field. Because of the 
acute phosphorus deficiency of most savanna soils, application of phosphate fertilizer to 
pines has become a standard practice both in the nursery and in the field. Significant 
responses to nitrogen are obtained if P deficiency is first corrected. Apart from N, P and 
B, incidenoe of other deficiencies have not been detected or described for the various tree 
species being tried. 
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CLIXATES 

Background 

The olimate classification most commonly used in Frenoh-speaking Africa is the one 
disoussed by him in particular in the texts Climates, For8ts 

rrT~,;,;;n~~=:;:'~;:"";~~::.Ta.=.;e~T;.:r:..;o:.;.;i;.:c~a;;;;.l. (Aubr6ville, 1949) and Flore Forestnire Soudano
ese cl mates are described only schematically in Tree 

.;...:;.;;;:.;.;~;a...;;...;;..;;;.;;..;=.;;.;;..-=;;....;;.;;;;;.;;..=;;;.;....;.;.S.;;;avann..;..;;;;;=a;;;.s (FAO, 1974). -

The principal biological factor is rainfall and, in particular, the duration of the 
dry season and of the true rainy season. This factor is represented by an "index of rainy 
seasons" or rainfall index which covers three sets of figures: 

a) the first gives the number of very rainy months (::::>100 mm)i 

b) the third gives the number of ecologically dry months « 30 mm); 

c) the second, usually the smallest, is that for the intermediary months, neither 
dry nor wet. 

This rainfall index supplements the information on rainfall, i.e. the average annual 
rainfall expressed in nun. 

The next most important factor after rainfall is the saturation deficit and its 
fluctuation over the year. Unfortunately only very few weather stations record atmospheric 
hygrometric measurements. 

Finally, average temperatures, whether annual or monthly, are of only secondary 
significance in making climatic divisions within the geo£r&Phic area in question. 

Five main types of climate have been defined for tropical Africa: 

the humid tropics; 
the semi-humid tropics, of which the Sudan-Guinea zone is typical; 
the Sahel-Sudan; 
the Sahel-Sahara; 
the Sahara. 

It is only the last three types of climate that are of interest to us here. 

Sahel-Sudan Climate 

This is a characteristic type of climate in Africa. It occurs in a long strip roughl 
paralleling the equator from Senegal to the mountains of Ethiopia. It is definitely con
tinental and does not reach the seas. On the west, the Sahel-Sudan gives way to maritime 
climates that may be considered as variants (e.g. the Sahel climate of Senegal and the lOWE 
Casamance climate). 

The area stretches 3 to 40 , its limits being slightly inclined on the parallels wiU 
its northern limit in Senegal at 160 N latitude and at the Nile, 120 or 130 N latitude. 

Temperature 

Average annual temperature: 260 to 31.50 

Average maximum monthly temperature: 30.50 to 36.50 

Average minimum monthly temperature: 240 to 28.~ 

Minima: in January and August 
Absolute maximum: in April~ 
Relative maximumt in October 
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Rainfall 

Rainfall index: 400 to 1 200 mm, almost always less than 1 000 mm 
Rainy season: short ~o very short with 2 to 4 very rainy months; maximum in August 
Dry season: severe w1th 6 to 8 dry months, more rarely 5 
Rainy season index: 

2 - 2 8 
3 - 1 - 8 
2 - 3 7 

3 - 2 7 
4 - 1 - 7 
2 - 4 - 6 

Sahel-Senegal Climate 

336 
4 - 2 - 6 
4 3 - 5 

This is a transition climate between the marine trade winds climate of the coast of 
Senegal and the Sahel-Sudan continental climate. 

Temperature 

The temperature regime is similar to the Sahel-Sudan. 

Average annual temperature: 26.50 to 28.30 
Average maximum monthly temperature: 290 to 320 
Average minimum monthly temperature: 230 to 23.80 

Rainfall 

Rainfall index: 500 to 900 mm 
Rainy season: short, running June to October with three very rainy months 
Rainy season index: 3 - 2 - 7 

Guinea-Lower Casamance Climate 

This is a maritime subzone climate of the Sahel-Sudan occurring in Gambia, lower 
Casamance, Guinea-Bissau. 

Temperature 

Average annual tempertaure: 25.20 to 26.30 
Average maximum monthly temperature: 26.50 to 27.80 
Average minimum monthly temperature: 23.20 to 24.60 

Absolute minimum: 
Relative minimum: 

in January 
in August (contrary to the maritime Guinea climate) 

Rainfall 

Rainfall index: 1 200 to 1 750 mm 
Rainy season index: 4 - 1 - 7 or 5 - 0 - 7 

Sahel-Senegal Coastal Climate 

This is an exoeptional climate due to two influences: the fresh North Atlantic trade 
winds during much of the year, and the Guinean monsoons for a short part of the year. This 
climate prevails only on a narrow coastal strip of Senegal. 



- 40-

Tamperature 

This olimate is lDIloh oooler than the Sahel-Sudan at the same latitudes. 

Average annual temperature: 23.70 to 250 
Average maximum monthly temperature: 28.40 

Average minimum monthly temperature: 200 to 21.60 

Rainfall 

Rainfall index: 400 to 550 mm 
Rainy season index' 2 - 1 - 9; 2 - 2 - 8; 2 - 3 - 7 

Sahel-Sahara Climate 

This is a subdesert climate, transitional between the Sahel-Sudan and Sahara cIiml 
It oocurs across a broad strip of Africa running from Mauritania to the Red Sea along tl 
southem fringes of the Sahara. 

Temperature 

Average annual temperature: 24.50 to 28.5 0 

Average maximum monthly temperature: 29.50 to 330 

Average minimum monthly temperature: 18.50 to 21 0 

Absolute minimum: in January, sometimes a second minimum in August 
Absolute maximum: in May/June 

Rainfall 

Rainfall index: 200 to 400 mm, maximum in August 
Rainy season index: 

o - 1 - 11 
0-3 9 
0-4 8 

1 - 0 .... 11 

1 2 - ~ 
1 - 3 -

Sahara Climate 

1 
2 

1 - 10 
1 9 

The 200 mm isohyet is conventionally considered the limit of the Sahara. 

Temperature 

Average annual temperature: 27.50 to 290 

Average maximum monthly temperaturez 32.50 to 36.50 

Average minimum monthly temperaturez 160 to 22.20 

Exoessive maxilllUJll' in June 
Absolute minimums in January 
Relative minimuml sometimes, in August 
Relative maximum. in September and October 

Rainfall 

Rainfall indexz 200 mm 
Rainy season index. 0 - 0 - 12; 0 - 1 - 11; 0 - 2 - 10; 0 - 3 - 9 
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CLIMATIC CHANGES 

Geological-Scale Fluctuations in Climate 

During the Quaternar,y period and, especially the Pleistocene epoch, the whole world 
underwent extremely severe ohanges in climate and in Africa, as it has been possible to 
demonstrate, there were three major rainy ages: the Kagu&rien, Kamasien and Gamblien. 
These wet ages lasted far longer than the arid ones between. 

In the Oamblien age, between the VIII and III millennium B.C., the Sahara was par
ticularly wet. Between 8000 and 6000 B.C., it sheltered an equatorial type fauna that 
attracted many hunters. From 6000 to 3000 B.C., a Neolithic civilization flourished in the 
Sahara (Adrar des Iforas, AIr, Tibesti) while T6n~re, Niger, this "desert in the desert", 
was then a large lake that became a vast marsh toward. 3000 B.C. 

Between 3000 and 2500 B.C., there was a brusque change of climate in which it turned 
dry, so that the population moved toward. the south along the valleys (in particular the 
Azawak wadi). 

A considerable mass of humanity, therefore, migrated between the 12th and the 15th 
parallels from 2500 to 500 B.C. 

The discoveries of geologists and students of prehistor,y are corroborated by the 
presence of plant species that were able to survive looally although their ecological 
environment is now muoh further south. Although these species also went along with the 
general withdrawal, it was possible for them to retain a hold on certain sites. Aubr'ville 
mentions several of these species, namely I 

- Anogeissus schimperii, found in an area extending from north of Tahoua, Niger, 
along certain marshes and streams although with some difficulty there; regeneration 
is not easy; 

- Celtis intetrifOlia; 
- Daniellia 0 iveri; and 
- the tamarind, the regeneration of which is becoming more and more rare. 

Other speoies that can be included perhaps aret DiosEYTos mespiliformis, Mitragyna 
intermis. 

From these observations, it might be conoluded that what happened was an encroachment 
of the desert during geological ages, leaving behind a few islands of vegetation to the 
south, but oan it also be concluded that at present the desert is still encroaching on 
other land? Certainly not because, inversely, there are vestiges of an advanoe of the 
desert further southward. For instance, throughout the Sahel one finds traces of many sand 
dunes that onoe were moving and are now fixed; the most notable examples are in the Ferlo, 
in Senegal, but there are also some in Mali, Upper Volta and Niger, if even only in the 
immediate vioinity of Niamey. It is often surprising, too, to find in the Sudan species of 
definitely Sahel affinit~, such as the numerous aoacia (Acacia gourmensis down to the borde 
of Ghana and Upper Volta) and Balanites ae~tiaca, that is found as far south as Parakou 
in Benin. It is possible to attribUte t~ to transport of the seed by livestock, but it 
is also not impossible that these may constitute vestiges of a more pronounced thrust of 
the Sahara than at the present time. 

The above analysis, therefore, does not explain the current desertification in Africa 
so it is neoessar,y to oonsider present-day changes in its climate. 
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Present-Da.y Chanes in Climate 

s~s ~oh ohanges of olimate means essential~ oonsidering fluctuation in annual 
rainfall over Heveral years. In oertain looalities marked fluotuations occur from one year 
to another. For instance, following are the fluctuations recorded at Niamey between 1948 
and 19521 

1948 
1949 
1950 
1951 
1952 

657.5 nun 
357.5 mm 
596.5 nun 
566.0 nun 
900.5 mm 

Under these circumstances , it is understandable that it is hazardous to draw oon
elusions from fluotuations over only a few years. For instanoe, in the period 1961-1970 
the average rainfall from 1961 to 1965 at Niamey- was 657.3 nun as oompared with only 589.6 nun 
from 1 966 to 1970, beoause of whioh the "prophet s of doom" scream about "rapid conversion 
of the land into desert". 

Investigating whether a change in rainfall pattern could be proven, meteorological 
data were oonsulted from stations set up in Niger since 1932, or before that, 13 stations 
in all, and the average rainfall for the n/2 first years and the n/2 last years were 
established. (When the number of data is uneven, the middle year was counted as belonging 
half in the first and half in the seoond halves). Following are the results, out off as 
of 1910. 

Average Rainfall 
Place Number of (mm) Maxi mwn Minimwn 

Readings 
R1:fed Recorded 

1st half 2nd half (mm) 

Agad\s 48 157.3 168.6 288.2 39.7 
Bilrna 48 19.1 18.1 63.5 0 
Dogon-Doutchi 46 641.3 586.7 1 011.6 358.6 
Dosso 36 701.2 658.8 1 048.0 433.1 
Filingu' 39 483.0 670.5 878.3 284.4 
G~ 36 831.5 887.5 1 108.1 655.7 
Maradi 39 617.5 623.0 928.1 362.3 
Nguigmi 47 186.6 242.5 472.4 40.9 
Niamey- Ville 50 594.2 603.9 900.5 308.8 
Sq 46 674.5 660.8 957.1 341.9 
Tahoua 47 366.2 446.5 611.1 208.6 
Tillab'r.v 47 483.8 506.8 746.1 265.9 
Zinder 49 528.8 511.7 800.3 230.3 

Great oaution wst be used in handling these figures as it is certain that not all 
these readings were made with all the necessary care. Furthermore, annual 
fluotuations are suoh, and the amplitude of the fluotuation is so great,that we would be 
deluding ourselves in the thinking that it is possible to draw conolusions based on a 
maximum of fifty years of observations. 

From these figures one might be led to conclude that there is a trend. toward rehumidi
fioation (8 stations out of 13 give figures showing that rainfall is on the inorease). We 
would not, however, go as far as to sq that and merely conclude that the meteorological 
statistios now available to us are not reliable enough and above all that they oover too 
short a period for us to be able to make any pronounoement on the present evolution of the 
olimate. 
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In any oase the above figures show at least that, if there is any ohange it is 
extremely slow and definitely does not explain the rapid desertifioation that 1s ooourring 
at present. So other reasons for this oonversion into desert than a ohange in olimate have 
to be sought. 

Finally, oertain periods seem to be definitely drier than others, although the 
periodioity of the ohange is far from olear. 

Our oonolusions are, therefore, identioal to those of Aubr~ville in 1936: to date 
there is nothing to prove any trend toward a permanent ohange in olimate. It would, 
however, be extremely valuable to pursue suoh researoh in depth because rainfall is far 
from being the most important faotors rainfall distribution and the duration of the rainy 
season are equally useful faotors for both agronomists and foresters. 

CHOICE OF FOREST TREE SPEX:IES IN RELATION TO CLIMATE 

AND DIFFERENT SOIL TYPES 

The Climate 

Laurie (FAD, 1974) identifies various speoies now in use for reforestation in the 
various climatio zones in the savanna. 

Soil Types 

It is not the intention here to go into the details of soil science, but as far as 
is known to the author, no serious statistioal survey has been made whioh would enable us 
to answer the following question aocurately and objeotivelys "What soil type is particularly 
suited. to a certain speoies?" Or conversely, "What species will give the best results on 
a certain type of soil'?" 

In order to conduot trials along these lines, it is necessary to have several 
ferent kinds of terrain (often difficult to find) and to do replicated planting all 
the same season and with the same techniques, with the risk that rainfall may vary. 
a trial is to be conducted in Upper Volta in 1976. 

dif
during 

Such 

What foresters know in this field is therefore somewhat subjective, though nonethe
less valuable. 

The goal of the Upper Volta project is to obtain the maximum yield of timber per unit 
area, essentially to supply the town of Ouagadougou with fuelwood and poles, it being 
understood that this should be done in the context of maximum profitability. If the 
produotion goal is taken to be the prime one, obviously the best yields will be obtained on 
fertile farmland. For this, the land capability maps drawn up in the past oannot be 
acoepted. In faot, usually after a soil science/morphology survey the land is classified. 
as followsl 

_ the most fertile soils are defined as sui ted for farming; 
_ bottomlands, generally flooded. during the crop-growing season, are defined as 

suited. for grazing (i.e.., as grasslands); 
_ soila which from a glance are seen to be unfertile (definitely granite or lateritic 

hardpan) are olassified. as land unsuited. for growing anything - whether agrioultural 
orops, forest trees or grass; 

_ whatever land remains is divided up somewhat arbitrarily between land suited. for 
growing of forest trees, grassland or as suited. only for forest trees. 
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Suoh a classifioation is useless because a8 t.r as oonoerns foresters the most 
fertile, rioh 80i18 should be those suited for growing orops--whether they be agricultural, 
forest or forage and fodder orops. On the other hand, soi18 defined in the past as suited 
for growing grass or forest trees are not generally, with 80me exoeptions, really oropland. 

Proper management would consist of intensive utilization of fertile land for all 
three purposes - agricultural, forest, and forage or fodder crops - entailing a dividing 
up of the land for these various purposes. As for the rest of the land it oould be managed 
on an extensive basis, natural forests being put under management with regular felling 
cycles. 

Choice of Species in Relation to Soils (Below the 800 mm Isobyet) 

The species mentioned here are all capable of producing a great deal of wood. The 
better the soil is, the more they will produoe, and the poorer the soil, the less. 

Euoal;ytus oamaldulensis. From the site oomparisons, it appears that it is possible 
to grow IUca litus camaldulensis almost everywhere. As a matter of fact this is an 
astonishingly plastio" or adaptable species and is the one that will certainly be used for 
most plantations. 

It must nevertheless be stated that this species is here at the ecological limit of 
its range and in this sense oan be said not to be a suitable species, even though its use 
is still reoommended. 

It actually has a very short life span and begins to die when it reaches six or seven 
years of age so, in fact, the plantations are cut only shortly before they would naturally 
disappear. 

Omelina arborea. This species has been imported from the East Indies, the specimens 
of foreign provenance being adapted to a rainfall on the order of from 1 000 to 1 300 Mm. 
Its use under the 800 mm isohyet, therefore, takes it beyond its normal range, but it is 
still a good, usable speoies. Still,soils that conserve water best should be reserved for 
it, whereas muddy bottom-lands where it does not flourish should be avoided. 

Amadiraohta indioa. Neem is an astonishingly adaptable species that flourishes down 
to the 400 mm isohyet. Probably its preferred area is around 800 Mm. Sometimes neem will 
regenerate underneath its own stands in this zone, this being an excellent Sign of good 
adaptation. 

From the standpoint of soils, best conditions are achieved with a light soil, with 
the water table at a depth of 1.5 - 2.5 m, although these are rather exceptional conditions. 
The plasticity of the speoies is however suoh that no soil is excluded except those that are 
extremely heavy whioh are to be avoided. 

Cassia siamea. This speoies, like neem, gives good results within a rainfall range 
as extreme as from 500 mm to 1 500 Mm. 

However the parallel stops there because, contrary to what is true of neem, it is 
more demanding as regards soils, requiring for good growth a rich, deep and neither too 
light or too heavy soil. Consequently, both poorly and excessively drained soils should be 
avoided for this species and hydromorphic brown soils sought. 
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IlITROJ)UCTIOI 

Speoie. trial •• tarted in the .avanna are .. ot )Jigeria about 60 year. ..., in re.pon .. 
to the peouliar oiroumltanoe. of the area. The natural .avanna woodlandl are .par .. ly 
.tocked and low ;pielding (Jacbon and Ojo, 1970) and, more otten than not, have .uttered 
troa overoutting in the put. Near the larger town. and oentre. ot population tree 
crowth hal virtually dil&ppeared leading to acute local .hortage. of wood. The re.ult of 
thil WAI the introduotion ot a few .peci ... uch .. Azadirachta indica A. JUl. (neem), 
Dal bergia ~, a.elina arborea L. and 'ectona srandis L. f. ( teak). The fuel plantation. 
around .uch town ... Sokoto, Iataina, liguru, Badeija, J1aidupri etc. are a te.timony to 
the ettoM. ot the early tore.ter •• 

It WAI not, however, until 1959 that a comprehensive programme of specie. triala W&I 

.tarted, provenance trials are even more reoent, the fir.t having been established in 1964. 
!bout 130 .pecie. have been tried .0 tar including a tew indigenous specie., about 20 
"tropical" pine. and 60 eucalypt •• 

1IE'l'H0OOLOOY 

The primary objective of the specie. trial i. to teat plant. of identical .eed 
origin and nunery treatment .imul taneoUily on .i te. covering a range 0 f di fferent climatic 
condition. under identical cultivation and maintenance regime.. 3 

Savanna vegetation occurs in 17 of the 19 .tate. of Nigeria and covers about 85 
percent of the land area - about 800 000 .quare ldlometres (300 000 .quare mile.). 
Ecologi.t. recognise four ditterent sone., namely the Southern Quinea, 1I0Mhern Quinea, 
Sudan and the Sahel (Xe&J, 1955). In addition to the.e four true savanna sone., a 
tran.ition sone along the border with the rain forests, the derived aavanna, i8 di.tinguished. 
The.e Bone. corre.pond well with climate - incre .. ing length of the dry season from .outh 
to north, and decreasing mean annual rainfall from .outh to north. 

It WAI, theretore, recognised from the start that all the forest reserves oould not 
be covered at the .ame time and that representative site. would have to be chosen. It 
WAI al.o under.tood that the trial. should be on the best sites available for afforest&
tion. Initially only one or two .ites in each vegetation sone were selected and all the 
.eedlinll were rai.ed in a central nursery under close supervision. Later planting waa 
expanded to about 50 other .ites. This nece.sitated the rai.ing of plants in .everal 
widely .oattered nuraerie. with consequent poorer .upervi.ion. The value of the extra 
information obtained from the.e .ite. waa dimini.hed becau.e the planting stock waa not 
uniform. In addition, care and maintenance alao varied because .upervision waa inadequate. 
It became obvioUl that the number of .ite. had to be limited to one or two within each 
vegetation belt. This led to the development of the present experimental are .. in 
Yambawa, !faka, Moltva, Jliango and Nimbia. 

PROCEIXJRE 

The prooedure Uled t which has been :fUlly de.cribed by Kemp (1969), consi.ts of 
three .tage., namelys (a) elimination trial., (b) growth trial. and (c) plantation 
trial •• 
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Sp.ci.. Elimination Trial. 

!he ••• tart.d .. n~n. tr •• plot. with a randomi •• d block d •• ign and four r.plication. 
but with a provi.ion to 1nclud. on. large plot, of 36 tr.es, of .ach .p.ci •• in .ach trial. 
Ifh. id.a ... to maintain the larger plot. &8 arbor.ta after the final as •••• m.nt of the 
trial. at the .nd of the •• cond dry .e .. on. Hip mortality of mo.t .p.ci •• led to the 
plot .iz. b.ing incr .... d to 25 tr ••• and the di.continuation of the larger arbor.ta plot •• 

Normal plantation •• ~.ment of 1.8 m x 1.8 m (6ft x 6ft) was wnd initially but 
this ... ohanged to 0.9 m l3rt x 3rt) in 1962 to reduo. maint.nance co.ts and the po.sibi
lity of .it. variation within .aoh trial. 

C.rtain critici.m. have b •• n l.vell.d against this stage of the .p.ci.s trials. 

(a) Th. degr •• of r.plioation is said to be unn.c •• sary to distinguish .uch gro •• 
diff.renc •• in .urvival and growth as the experiment. w.re de.ign.d to rev.al; in fact, 
.tati.tical analy.is of the re.ults was n.ver made. 

Whil. it is true that statistical analysis was not n.c •• sary to di.tingui.h gro •• 
differ.nc •• in .urvival and growth, the soil conditions of the savanna, which vary 
gr.atly ov.r .hort di.tanc •• , make replication v.ry important. 

(b) Two yeare w.r. found to b. in.ufficient to as •••• pot.ntialiti.s, .v.n of 
survival in .0111. 0 ..... 

Thi. i. a justifi.d oriticism, and in practice the length of trial was incre ... d 
to four year. beca .... ome speoies are slow .tarters while oth.r. may show early promis •• 
'lbi. caus.d oth.r difficulties &8 very vieorously growing speci •• t.nd.d to suppr.ss those 
growing in adjacent plots. Th. answ.r to this may be to increase the espacement to 
b.tw.en 5ft - 6tt (1.5 m - 1.7 m). 

(c) The tr •• s were not plant.d under normal fi.ld conditions e.g. large e.pac.ment. 
with m.chanis.d w •• dings. 

Thi. critici.m i. unjustifi.d as th.r. was no plantation t.chniqu. in us. wh.n the 
trial. b.aan and .quipment for oultivation W&8 not available to fore.try per.onn.l. 'lb. 
plantation t.chniqu., inoluding m.ohanisation, W&8 developed using some of the speoi •• 
ohosen at the b.ginning of the sp.ci •• elimination trial.. In any case, .pecies that 
w.r. cho.en grow b.tter und.r m.chanioal cultivation than under hand oultivation 
(Iyamabo and Ojo, 1971). Moreover, Nigerian re.ults agree very closely with those from 
other part. of the world in that no species that failed her. baa .ucce.ded in any .imilar 
ar.a of the world. One can, therefore, oonclud. that no .pecie. W&8 lo.t throup this 
m.thod of maintenano •• 

(d) That the plot. w.re virtually usele.s for other work after their original 
purpo •• had b.en fulfill.d; i.e. wheth.r this .tage i. in faot necessary if it is to b. 
follow.d b.T a •• oond .tage of replicated trials with individual 100 tr.e plots. 

Th •• limination trial. were not de.ign.d to do more tnan eliminate usel.s •• peci ••• 
Th ••• cond .tage i ••• ant to yield all the other information that ~ b. r.quir.d of the 
cho •• n .peoi... Th. time lag in obtaining thes. data (2-4 years) if the speoie •• limina
tion trial. had b •• n larger i. more than oompensat.d for by the reduotion in oost. and .pac.. It lIIust b. rememb.red that only about a quart.r to half of the .p.oi •• reach the 
•• oond .t ... and if the trial. are repeat.d for two or thr •• y.ars in .uco ••• ion, man .... ent 
of the experi.ental ar ... will b. diffioul t b.oaus. of the ".mpty" plot •• 

The autun, th.r.for., r.oo ... nd that (1) this .ta .. b. r.tain.d in .peoi •• 
introduction, with replication or without d.pending on .oil variability on the Bit .. on 
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on vb.1oh atton.tation i. en.aced. and. (2) tlaat .paoinC 'be d.ebrained. .,. exi.-tinl> techno-
1017 and. tac11itie. ot tile CO'lDltr,y ~nc the introd.uction. :for .xaaple, it .ipria were 
1;0 tr,y ne •• ~cie. in the .avanna are .. , th~ would. probably be planted at 2.8 • x 2.8 m 
(9ft x 9ft), about 0.4 ha (1 acre) in .i .. at a cornu ot the yearly plantation •• 

Th ••• are usually of randomi •• d block or latin .quar. d •• ign with tour r.plication., 
and •• r. orisinally .pac.d 1.8 DI x 1.8 • (6ft x 6ft). When m.chanical cultivation .... 
introduo.d, .paoinC .... inor .... d to 2.7 m x 2.7 • (9ft x 9ft) or 2.7 m x 1.8 m (9ft x 6ft) 
d.pending on wh.th.r oulti vat ion .... to b. in on. or two dir.ction.. Th. trial. are 
....... d throlllbout th. entire rotation of th8 .~ci ••• 

Plantation Trial. 

Thi., th. third .t ... , oon.i.t. of unr.plioat.d plot. at normal .pacing compri.ing 
an ar.a of 0.4 to 2 ha or mor.. Id.ally thi •• tage .hould be r ••• rv.d for .peci •• that 
have pa ••• d throUlh th. growth trial .tage, in practic •• pecie. that p.rform .ati.factorily 
in growth trial. tor fiv. y.ars are oon.id.r.d qualifi.d. 

Th. obj.ctiv. i. to obtain quantitative data on orop p.rformanc. under plantation 
condition., in addition to .upplying information on probl.ma encount.r.d in planting on a 
larger .cal. than .mall trial plots. Th.y also provide III&t.rial for fUrth.r exp.rim.ntal 
work, .uoh .. thinning and pruning trials. h •••• m.nt. follow usual It.ampl. plot lt proc.dur •• 

RESULTS 

So •• s~oi ••• m.rged throUlh th. thr ••• tages and to~ form th. bui. for th. 
r.tor •• tation in th •• avanna ar.... To thi. extent, th. procedure adopt.d oould b. said 
to have fulfill.d it. purpo... Although .om •• peoie. tri.d and r.j.oted might b. tound to 
b. IIOr. promi.inC if o.rtain improv.d t.ohniqu •••• r. us.d ( •• g. meohanioal cultivation, 
applioation of boron to .ucalypt., and ot pho.phate. to pines), it is b.li.ved that no 
.~oi •• ot improtano. has b.en mi ••• d. 

D.tailed r.sults •• r. published by Kemp (1969), App.ndix 1 .hows a li.t of .p.ci.s 
that •• re us.d in th. trial.. The r •• ult. mq b. summari.ed as follows. 

Sudan Zone 

Mor. than 40 .p.oi.s have b.en t.sted but re.ults have be.n al.o.t entir.ly negative 
and no .~oi •• has y.t prov.d .qual to the p.rformanoe of neem (Azadirachta indica) on Bit •• 
tavourabl. to it. Euoalyptus microth.oa has consi.t.ntly .ho •• d high survival and s.tis
tactor,y growth, it. main d.f.ct b.inC poor st.m form. E. oamaldulen.i., Katherin. 
provenanc., .hows promi... !:. t •••• lari. has .hown hi,;l.urvival, but it. rate of h.ight 
and di_.t.r growth i. poor. .An int.r •• ting feature ot thi. son. i. th •• uooe.s ot 
indigenous .~ci... Such .~ci •• inolude Aoacia albida, !!. sen.sal and !!. niloUoa which 
are plant.d for .p.oiali •• d produot •• uoh .. fodd.r and .had. during th. dry s.ason, gum 
arabic and tannin mat.rials, r •• ~ctiv.ly. 

North.rn Guin.a Zon. 

Th • .,.t .noourasing proSX' ••• has b •• n achiev.d h.r.. Thirty Bix sp.oi •• , of which 
20 •• re .uoalypt., r.aoh.d th •• p.oi •• srowth trial .tage and about 15 ot th ••• qualiti.d 
tor th. plantation trial .tage. .Among th ••• are ~ cariba.a, !!. oocarpa, !:. m.rkueii, 
f.:. k.Biza. Iluoalzvtus camald.ulenBi., !:. t.r.Ucornb,' !:. oitriodora, !:. ".alil!'la" ( hybrid) , 
h clo •• iana, ~ punctata, !:. propinqu., 
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Of i.portuoe here i. tha le •• on learnt froll the early .ucce.s of 80lle species which 
later failed. The.e "early .tarter." include Acrocarpu! fraxinifolius, iUcalyptus 
pilulari., ~ row-ta, Albiaia lebbek ud Callitrh intratropica. If the various 8tages 
of trial. had not been gone through before a choice W&8 made for plantation work in this 
sone, arq of th •• e .peoie. could have qualified but would have resulted in a collosal waste 
of fUnds .o.e years later. 

Southern Guinea Zone and Derived Savanna 

Generally the re.ult. of these zone. correspond with tho.e of the Northern Guinea 
Zone with the exception of the pines for which a succe.sfUl establi.hement technique has 
not been found. It is probable that pine plantations will not be possible h~r~ until a 
.uitable mycorrhi.a (that can .urvive high temperatures) haa been introduced.1J. In this 
zone, however, teak and amelina are the current plantation species. 

On the Jo. Plateau, 1 300 m (4 000 ft), species which have shown promise include 
!!!!!!! cari baea, l!!. ke8iya, l!!. oocarpa and l!!. merku.H. The list of eucalypt. 18 as for 
the Northern Guinea Zone. 

At the .till higher altitude of the Mambilla Plateau, 2 000 m (over 6 000 ft), 
E1m!!. patula and ~ merkusii show promi.e. CUEe.sus lusi tanioa grows well in this area • 
• CaliPtua Eudi. (probably a hybrid, but not the .ame as the hybrid grown on the 10_ 
luds which W&II introduced about 30 years ago fro. Bulenda, Cameroon., gives the be.t 
growth of the Eucalyptus .pecie. tried .0 far. Growth of a few scattered trees of Eucalyptus 
,lobulus .ugge.t. that trials of this ud other eucalypts which prefer cooler climates 
would be worth-while. 

PROVENANCE TRIALS 

So •• of the earlier .peci •• trials included more than one provenance of a specie. 
and rrom the.e and other trials it W&II clear that provenance was very important in some 
.pecie., •• pecially those with wide geographical natural di.tri bution. Provenance trials 
are, ther.fore, a logical .tage after the species trials. Systematio provenance trials of 
EIloabMW oMl&l.d,ulen.is began in 1967, and of pines in 1968. They have aince been 
extended to .calyptus tereticornis, !=.. ci triodora, ~ grandis, !!. saligna, !!. deoalsneana, 
&~, ~ cloedana, ~ caribaea, ~ oocarpa, ~ keaiya, ~ merkusii and Tectona 
£andi •• 

Most of the.e are replication. of international trials with seed supplied by the 
Commonweal th Porestry In.ti tute Oxford (Pinus cari baea and ~ oocarpa), Forestry Re.earch 
Institute, Canb.rra, Australia {~ ke.iya~mit' de la Recherche Foresti're M'diterra
dene (~ oamaldulenais). 

A full account of the re.ult. of the ~ camaldulenais provenance trials has been 
given (Jacuon and Ojo, 1973). The important results arel 

1. The markedly .uperior growth of the Petford provenance in the Guinea Zone. 

2. Good .urvival of the Katherine provenanoe in the Sudan Zone ud it. generally 
100d perfol'1ll&Doe in the other zone., except in the Sahel Zone. 

li S •• al.o th. -ariiole by JIolDOh, Odeyind. and Gbadege.in anti tl.d "Th. role of mycorrhiza 
in attor_tation _ the lIlipriu experienoe, page 100. 
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3. General .uperiorit7 of proT.aaDOe. fro. tAe northern .uaaer rainfall are .. of 
Autral1a, ap1n witA tile exoeption of tAe Sabel Zone, aDd the Lake J.lbacut7a 
provenaDoe. 

4. !he TerT p"eat improT_ent in volume production Wich OaD be obtained b;r uaing 
the be.t prov.aaDoe. At Afaka the ratio of tAe volume. of the b .. t aDd wont 
provODaDOe. i. 3.4 to 1. 

Preliminar;y re.ul t. of tAe pine provenanoe trial. have been publi.hed (Ojo aDd Sbado, 
1973). !be re.ult. were .ummari.ed .. follo ... 

(i) That Pinu oaribaea var. hondurend. i. to be preferred to the other varietie. 
aDd tii&t'ielhe ( foraul;r :ari tie Bondur .. ) aDd Ouatemala are like17 the be.t 
.eed .ouroe •• 

(11) That l!!:!2. oooarpa pve. better growth. thaD.f.. oaribaea and that the on17 .ouree 
of .eed that ~uld be ruled out at the IDOment ia the Mexiean provenaDoe 
beoalUle of it. poor .t8111 form (on the Jo. Plateau) and low 7ield on the lowland. 

(iii) That l!!:!2. k .. iya and l!!:!2. merlcua11 are likely to remain "noond .tring" 
.peeie. in KipriaD fore.trT. 

Iyamabo, D.E. III Ojo, O.O.A. 
1971 

Jac-.on, J.K III Ojo, O.O.A. 
1970 

Jac-.on, J.K. III Ojo, O.O.A. 
1973 

Ke..,., a.w.J. 
1955 

Kemp, R.H. 
1969 

Ojo, O.O.A. III Shado, X.B. 
1973 
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APPDmIX 1 

Li.t of Specie. U.ed in the Species Trial. 

Acaoia oyanopbylla 

Aorocarpua fraxinifolius 

Albiaia faloataria 

A. lebbek 

Arauoaria cunninghamii 

Aatronium urundeuva 

badiraohta indica 

Baik1aea pluriju8& 

Callitris endlicheri 

C. hu.plii 

C. intratropiea 

C. romu.ta 

Cas.ia .iamea 

Cedrela odorata 

Ceratonia ailiqua 

Chlorophora recia 

Cryptomeria japoniea 

Cupr ••• us arimonioa 

C. lindl.yi 

C. luaitanioa 

Dalbereia latifolia 

D. .i •• oo 

Euoalyptus alba 

E. Alben. 

E. astring.n. 

E. bioolor 

E. blalt.lyi 

E. bI •••• ri 

E. bride.siana 

E. oaloplQ'lla 

E. oaaaldulensi. 

E. oampanulata 

Z. citriodora 

Z. oitriodora x E. tor.lliana 

Eucalyptus ol&4ooal7% 

E. cloedana 

E. corymboaa 

E. crebra 

E. deglupta 

E. faatipta 

E. gomphocephala 

E. grandie 

E. hemiphloia 

E. intert.xta 

E. kirtoniana (hyb.) 

E. laevapinea 

E. leueoxylon 

E. maculata 

E. marginata 

E. melliodora 

E. mi crantha 

1:. miorooorye 

E. microtheoa 

E. obliqua 

E. oooidentali. 

E. oleo.a 

E. panioulata 

E. patene 

E. pilulari. 

E. polyoarpa 

E. propinqua 

E. pune'tata 

E. robUllta 

E. rudia 

E •• aliena 

Eo .alllODophloia 

E. .id.roxyloD 

Eo t.retioorni. 



hoaqpt.. tereUoom1. (-.,. .. re) 

E. t.retioonli. (Zan.i 'bar) 

E. t .... llari. 

E. t.tred.ont& 

E. torell1ana. 

E. tran.oGDtin.nt&li. 

E. villin&li. 

E. wandoo 

E. wooll.iana 

X.lal.uoa l.uoadendron 

Pinus ~aoahuit. 

P. o&Darien.ls 

P. oarib&ea 

P. dWCla• iaDa 

P. .11iottH 

P. .nee llIIannii 

P. hal.p.n.i. 
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P. It''17& 

P. lei~l1& 

P. luchuen.i. 

P. ....oniAn& 

P. ai ohO&OU1& 

P. mont. ZWII&e 

P. ooo&rp& 

P. palustris 

P. patula 

P. ps.udostrobuB 

P. radiata 

P. sabiniana 

P. taiwan.nBis 

P. t.ocot. 

Widdringtonia cupressoid.s 

W. schwartzii 

Although early trials with ~ kesiya 
w.re promiBing, with the Philippine 
provenance shown here giving best results, 
the specie. as a whole has not performed 
well in Higeria below 1 200 m .levation 
where development is apparently hindered 
by high t.mperature. Even at higher 
e l.vat ions, growth has not been as good 
as E!. oocarpa or E!. cari baea. 
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Provenance trials are the logical continuation of the process of selection that 
began with the species eliaination trials, and the .ethodology involved is essential~ 
similar. However, one fundamental difference exists ~hat affects all stages of provenanoe 
re.earch from exploration and seed collection to field trials and evaluation. Whereas in 
apeoies trials we try to deteraine accurately the comparative values of populations which 
we know to be ,.netically different, provenanoe researoh is concerned with differencea 
which at the OIltset can OD~ be BUI'II!.sed. One of its functions is therefore to eatablish 
whether real cliff.reDoes exist between the populationa, aa well as to determine their 
o-parative value for particular use. in varioua envirODlllents. 
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Def'ini tioa of' the 'fem "Prow-poe· 

'!'bere have bHn •• veral publi.hed d.f'initiona of' .veDano. ( ••• Jon •• and Burley, 
1913, f'or a revi_) but in this l.oture the .. ord. _ana the p1aoe in .. hiob && .tand of' tree 
i. grpwipg or ret." to the •• ed d.ri Ted trom tho.. tre... Por an indigenous stand the 
proveD&l1ce i. al.o the origin but tor a non-indigenoue .tand the origin i. the Jlaoe trom 
l!hi~.ed or plant .... re originally introduced. Th.se usages are in acoo ano ... ith 
the 0 d.tinitioDB and are now widely aoo.pted. 

PLANNDIG PHOVDAllCE TRIALS 

Well d.signed oomparative experiments are n.eded to determine genetiC ditferenoes 
b.t .... n populations. The prinoiples governing the location, design, replication and 
~ent are the s&llle as in speoies trials but the need for careful control at all stages 
is .ven greater. The reto re, the need tor written oontrol plans IDIlst be emphasised, showing 
olearly the obj.otives, the .xpeot.d duration, the methods and the resouroes to be employed 
in the .zperiment. Sinoe representative seed oollections for provenanoe researoh are more 
dittioult to obtain than single samples ot a speCies, and may neoessitate speoial oollecting 
expedi tions, planning ot provenanoe trials IllUSt start several years in advance of their 
aotual establishment in the tield. 

PhaSing of Trials 

Three suocessive phases of proveD&lloe trials are commonly recommended (!..,g. Burley, 
19691 JCleinsohmit, 1974). The tirst range-wide phase is intended to investigate the extent 
and pattern ot inherent variation between populations (provenances) and may reveal broad 
regions whioh are either sui table or u.nsu.i table as seed sources for a given area of intro
duction. Thi. phase is analagous to the species elimination trial, but the number ot pro
veDanO.S may be large or small depending on the extent of the natural range and the varia,
bility of the speoies and its environments within the range. The number included Should 
not be less than ti ve and 10 to 30 widely separated souroes are re commemed (Lines, 1967). 
Large plots are not needed as the duration ot the trial is normally not more than half 
rotation age. Th.se trials may be located on two or three of the major site types. 

In the s.oond phase a restrioted number of provenanoes are tested for a longer 
period, usually up to a full rotation, on all the important site types. These trials must 
be d.signed to reveal relatively small ditterenoes between provenanoes. Larger plots are 
needed, to provide sutticient trees for reliable estimation of population difterences 
througtlout the lite ot the trial, and to minimise the effect of tree t.o tree ditferenoes. 

Finally, the proveDanoe proving phase, often with only one or two provenanoes, 
require. large replicated plots, capable ot acoommodating mensuration studies, management 
trials and wood quality evaluation. 

DeSign of Trials 

Even in the tirst stage ot provenanoe trials, it is essential to use valid statisti
cal d.signs that will reveal signiticant differences between populations at a given level 
ot preoision (.!..S. for heigtlt me&8Urements, a differenoe of rJ1, of the mean). It is also 
important to e.timate the variability wi thin eaoh proveDan08, particularly for stem form 
and branching habit. In aavanna oonditions, it is d.sirable to maintain the trials long 
enougtl to t.st the s.curity of difterent populations alAinst severe drcught, particUlarly 
it the moisture .torage capaoity ot the soil, or etteotive rooting depth, are limited. 

OlOOD - OrlADization tor Eoonomio Co-operation and Development 
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In IlUch O&8e., ilDportant differenoes between provenanoes may only beoome apparent after 
several years. For all these purposes, it is preferable to use square plots of several 
tree., in replicated, randomised designs. When the number of provenanoes in a trial is 
very larse, Single-tree plots may sometimes be considered. However, they are oomplioated 
to l~ out and the risk of oonfusion is very great if aooidental errore occur in plot 
labelling. They also hinder the assessment of intra-provenance variability. 

The most widely used design is the Randomised Complete Block (RCB). This has the 
advantage over fully randomised designs that it does not demand suoh uniform site conditions 
throughout the trial and can aooolJlllodate differenoes of treatment between blocks. However, 
if very larp DWlibers of provenances (!..£i. 16 or more) are included, the larp size of the 
blookB inoreases the ~r of site differenoes within blocks. In suoh cases, the use of 
an inoomplete bloak design may be indicated. in which eaoh bloc~ oontains fewer than the 
total number of plots. These designs are complex and the analyses are best undertaken on 
an eleotronic oomputer. The lattice designs have the advantage that they oan be analysed 
as an RCB if neoessary, although with some loss of information. For further details and 
examples see Cochran and Cox (1966) or Burley (1976). 

Choice of Provenances 

Attempts to matoh environmental conditions (!.£i. latitude, altitude, rainfall distri
bution, temperature, soil type) between the source area and the site of int roduot ion, by 
homoolimal oomparisons, are not always sucoessful. The neoessary information may be lacking 
or unreliable. Moreover, natural distribution may reflect past climatic, pological or 
historical oocurrenoes rather than present condi tons. Special attention may be given to 
marginal sites, near the edp of the ecological or geographioal range. For savanna 
afforestation the security of the crop against infrequent years of very severe drought may 
be important and marginal populations which have been subjected to such conditions are 
likely to be more resistant as a result of past selection pressures. 

Very rarely is the seed user able to collect the seed personally. He must, therefore, 
ensure that his objectives are clearly understood and if necessar,y detail the desired 
method of sampling and the provision of.all information (climate, so~l, vegetatio?, history, 
methods of oollection, etc.) needed to ~nterpret the results of studies and exper~mentB 
based on the material collected. 

For provenance research, it is desirable to sample as fully as possible the range of 
potentially valuable pnetio variation within the population. In the absence of any 
estimate of population varianoes, this means collecting from relatively large numbers of 
trees _ Callaham (1964) suggested 25-50 trees in heterogeneous populations - well spaced to 
&;Oid olosely related neighbours (half-sibs). It is best to collect only i? a year of 
abundant seed production. The seleotion of better than average phenotypes ~s not recommenied. 
For some purposes it is preferable to keep seed of each tree separate and to preserve the 
identity of eaoh ;arent tree, but for most provenance trials this is not essential and 
often not possible. 

For further information on seed colleotion Bee !.£i. Kemp (1976) and Turnbull (1975). 

CONDUCTING PROVENANCE TRIAIS 

Nursery Practices 

The primary oonoerns are (i) to maintain the identity and intern ty of each prov
enance at all stases and (11) to ensure uniform treatm.nt so that results are truly 
oomparable. Diff.reno.. in rmrs.ry stock resulting from diff.rent treatments can p.rsist 
into the field and ~ b. d.t.otable sev.ral years lat.r. To some .xt.nt th.s. two aims 
oonfliot, .inee it i. • ... i.r to avoid aooid.ntal mixing or wrong lab.lling of prov.nance. 
if each i. kept in one disoret. block with phySical barri.rs b.twe.n. On the oth.r hand 



- !56 -

to gu.rd &&a1zwt UDknovn rDlreery effect. it i. preferable to u.e the .... replicated, 
raDliomi.ed deai£l1ll that will later be employed in the field trial. Condi tiona within each 
replication should be aa uniform a. possible and sowing .hould be done one replication at 
a time. Pricld.D&'"'out and tranaplating are two operations during which the danger of mixing 
different provenanoe. i. high. Thi. danger can be leasened by oarefUl attention to 
labelling and by moving only the seedlinge of one provenance, in eaoh replication, at one 
time. The position of the provenanoes within each replication should be re-randomised when 
prioJd.ng-out or transplanting. 

Culling of poor or deformed plants is permissible in accordance with normal nursery 
praotioe, but the number of plants oulled of each provenanoe should be recorded. Edge 
effeots in transplant beds or in blocks of pot plants are common and if possible, the outer 
one or two rows should be regarded as guard rows and not used in the inner assessment plots 
of the field trials. If, due to shortage of stock, it is necessary to use suoh plants, or 
those that would normally be oulled, their field positions should be reoorded. 

lursery reoord. of germination, survival and growth at suooessive stages in the 
mlrsery IIIIlst be metiouloualy maintained. Addi tional assessments to reveal differences 
between provenanoes should also be made whenever possible, such as the number, length and 
oolour of ootyledons, length of hypoootyl and phenological observations, !_!_ production of 
.eoondary needles in pines or mature leaves in eucalypts. It is sufficient to make such 
observations and measurements on random samples of perhaps 20 seedlings in each plot. Where 
facilities are readily available, oomparative studies of different provenances in controlled 
environments (growth cabinets or phytotrons) may reveal differenoes in physiological 
responae to drought, for example, which oould be significant for savanna afforestation. 
Biochemical studies ~ also be helpfUl in revealing differences between populations, based 
on charaoters whioh are under more direot genetio oontrol than such production variables 
as height and diameter (Lever and Burley, 1974). The value of such studies lies not only 
in their oontribution to biosystematios, but also in the possible indications they may give 
of later performanoe in the field. They also help to prevent or reveal errore in identi
~ication, if oonsistent differenoes between provenances at this stage are established. 

Field Trials 

The main prinoiples involved in selection of representative sites for trials, 
oolleotion of site data, the use of valid experimental designs and careful labelling and 
reoording, are the same as those applied to species trials. However, because all species 
inoluded in provenanoe trials have already been shown to be sufficiently well adapted to 
the local environment to make them potential plantation species, we are concerned not with 
gross differenoes, such as very high mortality, but with subtler differences of growth and 
form. For this reason even greater care is needed in all aspeots of design and execution. 
This applies partioularly to plot labelling and recording, since it is usually muoh more 
diffioult to reoognise different provenanoes than different species. 

To minimise possible errors due to differential effects of weed growth on different 
parts of the experimental site, oomplete removal of competing vegetation prior to planting 
is reoommended, followed by a very high standard of subsequent weedings and oultivations. 
The use of inaeoticides, or fertilisers, may also be reoommended in certain circumstances, 
if uniform treatment throughout the experiment can be assured. Generally larger plots are 
used in provenance trials than in the equivalent stage of species trials, to minimise the 
effeots of tree to tree differenoes, and to provide sufficient trees for reliable estimation 
of population differenoes throughout the life of the trial. The reoommended size of the 
inner assessllMlnt plot i8 25 trees, wi th a surround of one or two guard rows. Recommended 
spaoing between trees is 3 x 3 m as a general rule. 
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Information from species trials may be available that can be used to oalculate the 
des~~~~ ~er 0i re(plioations, in order to aohieve a certain probability of obtaining 
a s can resu t see Coohran and Cox, 1966). In practioe some compromise is usually 
reached between the degree of preoision desired in deteoting differences and the praotical 
limitations imposed by the site, the availability of planting stock and so forth. However, 
it may sometimes be ~referable to reduce the plot size, or to use a complex design suoh as 
a lattioe, to mainta1n the required precision. 

Field Assessment and Records 

The principles in regard to method and frequency of measurement of survival, height, 
diameter and volume produotion are the same as in species trials, although the degree of 
precision demanded ~ be greater. In addition to these basic data, very often consider
ations of tree form assume greater importanoe at the provenanoe trial stage. The problem 
of ensuring uniform st~rds of assessment of such characters is usually met by a standard 
sooring system, such as 1S employed in tree breeding. (See e.K. Hans, 1972). For assess
ment of branoh oharacters a standard assessment point for all trees is needed (e.K. half 
total height). Number of branches per whorl, and mean branch angle may be measUred direct~ 
and branch size may be relat?d to the diameter of the bole at that point. BurleY,!i!l, 
(1975) give further informat10n on uniform standards of assessment. 

When provenanoes are grown in different environments not only the comparative rates 
of growth may vary, but the patterns of growth and wood formation may also change, as a 
result of genotYpe/environment interaotions. It is important when comparing provenances 
to take into aooount possible differenoes in wood quality, such as might arise from 
different patterns of latewood formation, or overall denSity, since these might materially 
affeot the value of the produot for certain end uses. Studies to detect differences 
between populations ~ include detailed examination of leaf or need le-mo rpho logy , 
oytological characteristics or biochemical produots (see Lever and Burley, 1974). 

The use of standard forms to record measurements and observations is strongly 
recommended. For deSign and analysis of experiments and specimen forms for records and 
calculations, see Burley (1976). 

INTERNATIONAL COOPERATION 

Provenanoe research requires well documented seed of known origin and for this 
special oollecting expeditions are usually required. The same expedition can collect seed 
for use in a number of trials in different oountries and this can have advantages not only 
in reducing the c08t that would otherwise be involved in several separate expeditions, but 
also in making seed for provenanoe research available to countries that could not otherwise 
obtain it. Where the oountry of origin has the staff and other resouroes to undertake 
exploration and oollection, it may extend the activities as a form of aid overseas, as in 
the case of Australia, where substantial quantities of seed of many eucalypts are stored 
and tested at the Australian Government's seed bank in Canberra and samples are made freely 
available for research in other oountries. Elsewhere, where local resources are inadequate, 
bilateral aid programmes of oountries outside the region co~oerned have finanoed similar 
seed oolleotions suoh as the work of the Dani8h/FAO Forest Tree Seed Centre in S.E. ASia, 
or of the cOlllllon:realth Forestry Institute, in Central America (Kemp !i!l, 1972). These 
aotivities are ooordinated through FAO (1974&) whioh has prepared proposals for an inte-
grated Global programme (FAO, 1974b). 

These international progr&llll1es have the further advantage that it is p08sible to 
oompare the performanoe of the same provenanoe on a wide range of sites in many different 
oountrie. and thereby to gain a better understanding of the plastioity of the population 
&D1 i ts site requirements. This u;y help in predioting performanoe on other 8i tes where 
trials have DOt been established. In order to lIIIIke such comparisons possible, centralised 
sytlt ... ot data storage and retrieval are needed (Burley, !i!!' 1973). By this means aleo 
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reaults o~ triala, or o~ aore detailed laborator,y atudiea, ~ be made more widely and 
readily available, to .. sist the interpretation o~ looal experiments and the choioe of 
proveDanoes ~or plantation establishment, or ~or further trials. The greatest amount of 
i~or.ation possible is needed in order to identi~y preoisely the pattern o~ phenotypio and 
senetio variation. International programmes ~ also provide the basis ~or er~eotive 
oonservation o~ senetio resouroes and ~or future tree improvement through seleotion and 
breeding. 

Burley, J. 
1969 
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Tree Planting Praotioes in African Savann&8 (FAO, 1974a) discusses the present and 
future requirem.nts for forest products in the savanna region of Africa. Certain trends 
r.l.vant to s •• d procurem.nt emerge in spite of the difficulties in making such forecasts. 
Due to .xpeot.d inor ... es in population and living standards and in the development of wood
based industries, wood consumption is estimated to increase from 29% for fuelwood to 185% 
for pap.r and pap.rboard in the period 1960-1975. Such a rise in oonsumption cannot be met 
from the existing low productive savanna woodland; the establishment of plantationa, there
fore, becom.s a neoessity. 

Th. n.xt qu.stions that arise are what species m~ be the most suitable undar varying 
oonditions and purpos.s and what are .. are required for fulfilling the stipulated demand. 
A number of speoi.s and provenano.s have already been tested and those most wid.ly plant.d 
are list.d and dssoribed in the above m.ntioned FAO publication on African savannas (s.e, 
for instano., Chapt.r 7). A good deal of testing, however, still remains. In moat oircum
stano.s, .xperi.no. from sp.oies t.sting has shown that .xotics are superior to indigenous 
sp.oi •• wi. th re.pect to .... of •• tabli.hm.nt, growth and utilization. Thi. re.ul t. in the 
problem of having to import ••• d, or the long t.:nn process of developing ••• d production 
locally. 

Do oum.nt at ion, General 

Th. importanc. of tracing promi.ing plantings baok to th.ir Or1gl.11II, irre.peotive of 
their .tatu. .. amall-tlcal. or large-tloal. plantings, baa be.n recognized for quit. a long 
tiID. ia 1'ore.try and h .. l.d to the formation of control systems for ••• d and plant tran.f.r. 
Wh.re .. ere 4eliberat. action h .. be.n teken to •• tablish improved s •• d souro.s, inoluding 
•• l.oti .... bre.cliq and the fonaation of .e.d orchards, the control sy.tem baa developed 
into o.rtification .oh ..... 

Ia th. BaTIIIU1& region, the problem. in th •• e respeot. do aot diff.r from tho •• of 
t_perall. regiou, but th.y mq be more pronouno.d .. the procurem.nt of ••• d for .om. tim. 
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~. o.e will be larply upendUlt 1m illlport. 0 .. oharaoteri8tio of .eed i.port i. that it 
iJrYOl.,..s oooperatie 'bat .. eD oo_tries, it is, therefore, of great aportuoe that inter
D&tioD&l acre_ents be reaohed OIl the terms ad doOWleDtaUon of oolleotioDs. Suoh U1 
iDbnsaUolI&l syst_ prewpposes the u.,..lOpileDt of utioD&l or looal oontrol systems, and 
in or4.er to disouas the ooordiution of these we shall need ~o look briefly at the prinoipal 
a.peots of seed oolleotion and documentation. 

Seed Procurement I General 

The oouiderable role that seed import mq pl~, u indicated above, ha. oertain 
implioatioaa whioh m~ deoisively affeot the procurement and produotion of seed. Problems 
oODDeoted with the import aU on of tree .. ed 111~ oomprises 

1. Inadequate resources in funds, manpower and organization for seed oollection 
in the ~ 001.Ultri .. ; 

2. Lack of &oaessible seed st~ and seed produotion areu, especially of deaired 
origins; 

3. Lack of reliable data about the seed origin and the oollection method; 

4. Ri.a of reduotion in quality of seed, i. •• reduoed gemination oapaci ty due 
to tr .. port; and 

5. Re8triotioM on the export of .. ed in bulk quantities imposed in several 
oountries. 

In addition to these problems there are those which are specific to individual species. 
They m~ oomprise periodioity in seed production, short viability, low seed produotion, 
diffi~lty of &ooess to speoified stands or eootypes, eto. 

In general it is ... i.r to obtain 8mall quantities of seed for experimental purposes 
either through international seed centres or by exohange of seed. However, beoause of the 
diffi~lties and restriotioM in getting bulk imports of desired species and provenanoes, 
it is neoessary to seriously oontemplate how to produoe seed locally aa soon as a seed 
souroe haa shown promise. 

SEED COLLEJJTION 

Two things make it relevant to dis~sa seed oollection in oonnection with tree planting 
pracrUoes in A.frioan savUUlU. The first is the general trend for oountries in the savanna 
region to build up their own se.d produotion and thus free themselves of the dependency on 
import; the seoond. is that a better understanding of the various operations applied in 
other regions vi th tradition and knowledge of seed collection mq help to make one's own 
oollectioM more effioient in a shorter time. Therefore, we shall briefly oOMider the more 
important and principal upeots of seed oollection. The wbjeot is ertensive, as is evident 
from the report of a reoent training oourse on seed colleotion and handling in Thailand 
(FAO, 1975a). It is reoCIIIDended to oonsul t the report of that training course for details 
OD the prinoipl.s and teohniques of seed oollection and handling, espeoially u oonoerns 
tropioal tree speoies. 

When disouasing seed oolleotion in general terms , it is oomrenient to uk "~", 
"when" and "h_o_w" to oollect. 
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~ to ooll.ot locally will mainly dep.nd on the ertent of tria18 with exotic 
apeoiea mel the length of time they have been oonducted. Indigenous .pecie. in the .avlUUl8. 
"giona are .0 far only used on a very limited .cale. Looking at table 9, page 78-79 of 
Tr •• PlmtiD« Praotioe. in African Savannu, it appear. that out of 35 .pecie. only 6 ma;y 
be oonai~reel inclipnoUB to part. of the savanna region. It is natural to start collection 
of a .peoie ..... oon &8 it haa shown it.elf promi.ing. This haa been done in mlU\Y instanoe., 
.ometim •• with remarkably ~od :e.ult~ (e.g. teak, gmelina, southern U.S.A. pines, Cupressu • 
• p.), but .om.time. also w1th disappo1nting effect. perhaps .howing up only a fairly long 
time lat.r. 

A oommon O&8e i. collection from an early introduction of a species with very vague 
or inacourate information about origin and which often was planted at only one or two place. 
in amall plot. (t aore or 0.2 ha) without replioations. Here the problem is that the seed 
to be us.d i. from a .ingle, very amall population of tree., which perhaps has shown promi.e 
in only a limited number of the varied environment. in which it is to be planted. The un
oertainty oonoerna the genetic effeot of using a amall population, perhaps from a restricted 
looation, for improvement purpo.e. and the adaptability of the offspring to oonditions 
differing from the te.t .ite. Although good re.ults have been obtained by using seed from 
.uoh amall introduotion., it i. advisable to carefUlly select seed sources or to collect 
.eeel from .tand. whioh have a broader ba.i. for selection and more preoi.ion in testing. 
From a teohnioal point of view, seed oollection in excessively amall units, .ay below 2-3 ha, 
i. generally Ie ••• ati.faotory. Co.t of oollection i. relatively high and the seed may be 
of lower quality due to in.ufficient interpollination. See Keiding (1975a) for details on 
.e.d .tands and Jones and Burley (1973) for information about the genetic implication. 

To improve .eed colleotion po •• ibilities within the shortest possible time in areas 
relying on exotio., it has been reoommended, and I believe also practised, to establi.h 
larger bloo~ of oertain provenances beside the actual provenance trials. The purpose of 
this i. to have larger units ready a. seed souroes, aa soon as the results from provenanoe 
te.ting beoom. available. Such blooks of provenances ma,y also serve the purpose of con
.erYation ex .itu if the .ource. of origin are threatened in one way or another. A valuable 
referenoe material for this very important a.pect of seed collection is "The Methodology of 
Con.ervation of Fore.t Genetic Re.ouroe." (FAa, 1975b). 

Conoerning "~" to oollect, oircum.tanoes vary considerably within the savanna 
region, from having very little choice of souroe. looally to having selected .eed stands 
md .eed. orohard... Procurement of seed i. very often an act of balanoe between getting 
.uffici.nt quanti tie. of .eed and getting seed of .atisfactory genetic quality. Thus, 
whioh .ouroe. to us. and how to utilize them should be closely coordinated with tree 
improTement programme.. This applies to all stages of seed procurement from importation to 
selection of .eed .tand. and e.tablishment of seed orchards. As it is not po.sible to oover 
the broad .ubjeot of the relation between .eed procurement and tree improvement in the 
pr ••• nt paper, referenoe i. made to more thorough treatment. of the various a.p~cts involved. 
&8 given in the Report on the FAO/DANIDA Training Cour.e on Forest Seed Collechon and. 
Handling (FAa, 1975a) and by Guldager (1974). 

"When" to colleot i. a matter of timing in respeot of age and .eason. When planning 
.e.d oo'i'I80tiona it i. e •• ential to know at what age the individual tree .peoie. oan be 
.xpeot.4 to reaoh .exual maturity, their po •• ible.periodicity.in flowering and fruiting, 
and at what tim. of the year the .eed oolleotion 1S be.t oarr1ed out. For the more 
important eoonomio apeoi •• suoh .. pine., teak, amelina arborea ~d e~o&lypt., plus a 
number of other .peoiea, a fair amount of knowledge about f~ower1ng ~10logy h~ been 
aooumulat.el. Sti 11, fairly large variation. mil,)'" occur wi th1n a .pe~18. depend1ng on 
origin (provenano.) and the .nviroment. to which it ma;y have been 1ntroduoed. In .ome 
0 .... flow.ring and. fruiting .tart. at a younger age in exotic envi~nment •. than in the . 

• 1 ~-~it • t -~ in Trinidacl and oertain are .. of We.t Afr10a, wh1le other exot1o 
na~ura ,~u a~, •• g. .~ . 1 i i Mal . St'll 
.t .... harclly proeluo. my viable •• ecia at all, e.g •• om. troP70a p n.. n a;yna. 1 
other apeoi •• mil,)'" oh~ :th.ir mode of flowering from being.~.tributed more or Ie •• evenly 
throuchout the y.ar to 'beooming .... onal, e.g. ~ merlcu..n on Java. It i., :therefore, 
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importUlt to ob •• rv. Ulcl regi.t.r the flewering Uld frui till« habit of .peoie., e.peoially 
.xotio., und.er looal oondi tiOnll. Suoh .tudi •• of the reproduotiY. biology are abo neoe.
.ary to build~p aDd improYe ••• d produotion, .. they m~ help to determine the .ime and 
.oope of .e.d produotion unit., treatm.nt of •• ed .tanda, •• ed handling Uld .torase, eto. 
!:Yell incliYid.ual tree •• how variation in •• ed produotion whioh ma,y be of .ome oonoem for 
the oompo.ition of .eed oro~ (.ee Xeiding, 1975b). 

Clo •• ly relat.d to flowering and fruiting habit. i. the phy.iologioal quality of the 
.eed whioh, among •• veral factor., i. al.o influenoed by the right time and method of 001-

leotion. Within the oolleotion period of a oertain .peoie. th.re i. usually an optimum 
period in whioh the quality of the .eed i. be.t. Teak .eed in ThailUld, for example, ma,y 
be oolleot.d oYer 3 month8s F.bruary~pril, but the month of Maroh i. normally the be.t, 
while the first Uld .arly fall in February otten h .. a oertain portion of immature .eeds. 
Similarly, it 0811 be of gr.at importanoe to oollect pine cone. when they have reached ju.t 
the risbt .tase of maturity, indioated usually by the colour of the cone 8cale.. Pinus 
merku.ii i. particularly .enllitive to the timing of .eed collection whioh i. furth;;-compli
oated by the variation in ripening of cone. between localitie., between tree. and even within 
tree •• 

Although the majority of .peoie. being u.ed in the .avanna region have more or Ie •• 
.... onal fruitbearing oorrelated with the change between wet and dry se .. on., there ma,y be 
fluotuations between year.. It i. otten advantageous to make a .urvey and an a.8eSllll1ent of 
the ooming .eed harve.t well ahead of the actual oollection in order to determine the be.t 
time for oolleoting and the .ize of the oro~ to expect. Again, for further information, 
referenoe i. made to the report on the FAOjDANIDA Training Cour.e on Forest Seed Collection 
and Handling (FAO, 1975a). 

Finally in re.pect of "how", the .ubject of oollection techniques has been reported on 
and de.ori bed for many diftereJit' .i tuations. liaturally, the techniques vary according to 
the .cale of oollection, tree .pecies and their eoonomic importanoe, fund. available, 
organization, etc. and they repre.ent all .tage. from highly mechanized equipment requiring 
very little manpower, suoh .. tree .hakers, to olimbing with or without ladders and to 
pioking of .eed from the ground with many oollectors involved. It is not po.sible here to 
di.cu •• the merit of the different methods and how to apply them under different circum
.tanoe., but it m~ be u.eful to briefly oon.ider 80me of the more general aspect •• Techni
cally .peaking, .e.d oolleotion .hould aim at getting the largest possible quantity of .eed 
in the be.t oondition., i.e. the highe.t po •• ibl. phy.iological quality as effiCiently and 
eoonomioally .. po •• ible. For the majority of .peoie., the fruits have to be taken on the 
tree., whioh uaually implies climbing. Thi. requir.s a oertain skill and training and ma,y 
beoome fairly teohnioal, involving ladder. of different kinds, safety and other equipment. 
In highly developed .eed produotion area. suoh a. .pecial .eed .tand. and seed orohard. of 
e .. y acoe •• , traotor. with elevating platform. or tree .hakers ma,y be considered. A. in 
nearly all oircum.tanoe. it i. important to utilime .elected .eed souroe. continuou.ly, the 
fruitbearing portion of the tree should not be damaged. The praotioe of oolleoting fruits 
or oone. from felled tree. or by lopping large branohe. should generally be avoided unle.s 
the .tUld(.) are due for felling anyhow or it is the only po.sibility lett beoause of lack 
of olimber.. The handling of fruits and .eed in the field and their transport also influence 
the quality of .eed. If oone. are packed tight in big bags they make "take heat", e.pecially 
if they are pioked a little too early. Similarly, fruit. of amelina ma,y be difficult to 
.tore if the pulp i. allow.d to ferment for too long a time. 

To get a .eed oolleotion progr~e to funotion properly a oertain ~ount of specialized 
knowledge and teohnioal skill i. required, oombined with good ooordination of the various 
operationll involv.d. In many oountri •• , therefore, it ma;r be advantageous to establi.h 
.eed oentre. or .eed handling .tation. where all .eed oollection and .eed handling are oon
oentrat.d. Suoh •• ed oentre. ma,y oontain .eed extraotion machine., .uoh as drying kiln. 
for ooniferous .peoie., and equipment for oleaning, dewinging and grading the .eed. Further 
facilities for .eed te.ting, i.e. te.t. of germination capacity and moisture oontent, plus 
adequate .tor. room •• hould be available •. It is al.o neoe •• ary to properly regi.ter all 
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operation. oODDeoted with seed handling and seed distribution. Depending on the magnitude 
of .eed oolleotion aDd the fUnda available, equipment m~ be more or less refined but a 
fairly great flexibility ~an be exe~cised; often rather simple arrangements m~ ~rk satis
factorily. For oonBultat1on regard1ng the establishment of seed centres see for instance 
Gulda8er (1974) and the previously mentioned FAO/DANIDA training oourse repo~ (FAO, 1975a). 

CERTIFICATION 

The importanoe of obtaining seed from the right sources and of good quality hall been 
stressed several timeB already. Another question which needB to be discussed is how the 
oonsumer oan be .. sured of reoeiving the seed he wants or, if he does not know exactly what 
to request, how he m~ be provided with intelligible information to help him in his 
seleotion. For this purpose,certification schemes have been introduced in several countries 
and regions. Certification in relation to forest treeB is defined as follows (Matthews, 
1964, ex Barner, 1974a), 

"The object of certification of tree seed and plantB is to ma1ntain and 
make available to the practiBing foreBter sources of seed, plants and other 
propagating materials of Buperior provenanoes and cultivars so grown and 
distributed as to ensure the genetic identity and high quality of the seeds 
and plants." 

"Genetic identity" is a key-word in oonnection with certification and the reasons why 
so much attention iB given to this concept are very aptly Bummarized by Barber (1969, ex 
Barner, 1974a): 

"Exact control of genetic identity of reproductive material is necessary 
if success is to be aohieved in tree breeding and in forestation programs. We 
should seek the goal of using only reproductive material with known genetic 
identity. However, the precision with which we identify material will vary 
aooording to the species, location, and final use. 

"The tree breeder must have oomplete knowledge of the source of the germ 
plasm with which he works. It is particularly important that the identity 
of each tree be maintained so that the breeder can consider the risks of any 
adverse traits aIIsociated with the mating of related individuals. As progenies 
are produoed and grown, the breeder must be able to trace the pedigree record 
of eaoh individual in order to locate parents contributing certain charac
teristios, either desirable or undesirable, and he must be able to duplicate 
all of his crosses as needed. The breeder has the responsibility to catalogue 
his material and to identify aoourately all material exchanged or releaaed 
for use. 

"The forester should know what source or strain will best meet his needs, 
and he must know the exact source of material used in establishing plantations 
and in regenerating stands if he is to provide optimum management, as knowledge 
of the genetic identity of the material used is necessary for planning proper 
spaoing and culture. For example, since the use of a disease-reSistant strain 
will result in leas mortality and fewer defects, the man&Ber m~ either use 
wider spaoing or undertake more frequent thinning. Reports of 8Ubstantia~ geno
type environment interaction indicate that tree breeders can develop cult1vars 
that will respond favourably to differenoes in site quality and culture. Where 
seed or seedlingB of the proper source are not immediately available it m~ 
be eoonomioally feasible to dela.Y planting for a year or more." 

If a oertifioation soheme is to be auooessfUlly established, ~t ia neo~ssar~ to o~
si4er all parties involved in the procurement of se~d aDd reproduot1V8 mater1al, 1nolud1Dg 
oommeroial se.4 4ealera and nurseryman, state &geno1es for seed oolleotion aDd plant pro
duotion, researoh institutes and oonllUlllers. In addition, the soheme must be backed by 
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l.gi.lation. Rational o.rtifioation .oh .... are op.rating in many oountrie., but a few 
regioDal 0 ... have al.o been e.tabli.hed( •• g. Rorth Amerioa). A •• eed and, to .om. extent, 
plant. or part. of plant. are moving aoro ••• tate boundarie., the need for internationally 
applicable rul •• has been felt for .ome time. A. a oon.equenoe of this and on the r.oOlD
m.ncla~ion of the World Con.ultation on Fore.t Tre. Improvement in 1963, work was initiated 
by the Organization for Eoonomic Cooperation and Development (~EeD) that year. Four year. 
later, in 1967, the DEeD oertification .cheme w .. finally implemented. Amendment. were made 
in 1970 and 1974 (OEeD, 1974). 

Thi •• oheme i. baaed on voluntary participation by member. of the organization, but 
i. open to other .tate. whioh are member8 of the United Ration.. Thus the DEeD .oheme i. 
the fir8t of it. kind whioh aim. at world-wide applioation. For a detailed de.oription of 
the .oheme, it. baokground and definition. of tenu., aee Barner (1974&). There are,of 
oOUr8e,many problems involved in getting such a .oheme to fUnotion for so many different 
condition.. However, a very u.efUl framework i. available from which a better control of 
genetio identi tie. ma,y be obtained and thereby .ome safeguard against gross mi.takes. 

A few main point. of the scheme are outlined in the following: 

If a oertification soheme is oontemplated, the neoes.ary fUnds must be allocated and, 
therefore, authorities oontrolling the finanoe have to be oonvinoed about the justification 
of the .cheme. To quote Barner (1974a) the best approach is "to furnish estimates of the 
real losses caused by .ustained carelesaness rather than those of costs and benefits of 
in! tiating long-term breeding progrlllDlDes". 

To implement a comprehensive scheme the following elements should be considered 
(Barner, 1974&)1 

'IP llllUling 

1. Preparation of map. shOwing distribution of important species, 

2. Delimitation of regions of provenanoe of these species, 

3. Delimitation of major regions of afforestation and reforestation and 

4. Estimation of supply and demand of seed and plants; 

Implementation 

5. Organization and mana.gement, 

6. Claesification and approval of souroes, 

7. Reoommendations for ohoice of provenanoes and transfer of reproductive material, 

8. Produotion and control procedure, 

9. Data reoording and documentation and 

10. Marketing of reproduotive material." 

Item. 1 and 2 have special referenoe to countries or regions with extensive areas of 
speoie. covering different ecological oonditions. The direction and distance of seed 
transfer ma.v be of oonsiderable importance. 

''Organization and mana.gement" (item 5) conoerns the appointment of various groups of 
respon.ible authoriti •• such &81 1) a de.ignated authority or management oommittee, 2) an 
advi.ory group, 3) a working group on approval of .ouroe. and 4) in.pectors. 

Item 6 i. a broad and fUndamental .ubjeot in oonnection with the development of the 
.oheme (Barn.r, 1974b). Basically the .ouroe. ma,y be ol .... ilied acoording to an incre ... ing 
degre. of .el.otiODI 
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a) regions or provenanoe 

b) standa 

0) aeed production areas 

d) individual trees 

e) seed orohards. 

. Approval or ~he souroea aocording to aome m~n~mum requirements should be the responsi
bil~ty or the working group on approval of souroes, mentioned above. A national list of 
these souroe~ muat ~ made in which the most neoessary information is reoorded, such as: 
Latin name, ~dentit~oa~i~n. (referenoe no. or letter), location, origin, ecologioal conditions 
and t~st results. Der~n~t~on of ol&8sea and prescriptions for the recording of information 
are ~ven by Barner (1974b). It ahould be emphaSized that the national list does not neoes
sarily oomprise all the typea of sources stated above, aa they Simply m~ not be present, 
but allo~anoe should be made for extending the liat aa new sources beoome productive. 
Another ~portant aspeot of setting up a national list is its applioability in an inter
national context. 

A :tu:ther development of the approval of aouroes is the "reoommendations" (item 7) of 
them ror e~ther general or speoific utilization. Very often seed souroes are approved on 
the basis of the performance or phenotypic appearanoe of the seed trees without or with 
very limited! testing of the offspring. Reoommendations muat be baaed on testa; but aa 
these take t~e and seed has to be produced, it is necessary to make use of seed sources 
whioh are not yet tested. Certification schemea, therefore, distinguish between tested 
or untested material within each claas of approved aouroea. For species whioh have a wide 
geographic distribution, it m~ be appropriate to give directives for the tranafer of seed 
both in respeot or altitude and in latitude and to delineate planting zones and regions. 
The establishment and the development of a certification scheme, therefore, should take 
place in close oo-operation with researoh, especially in the field of tree improvement. 

A oertifioation soheme should furthermore oontain rules for "production and control 
prooedures" (item 8). Barner (1974a) has given the rulea and minimum requirements applied 
b.Y the OECD-eoheme which ensure that the material produced from the approved sources of 
different oategories is of the right identity and has been treated correctly, when it reaches 
its destination. The rules presoribe how inspections should be carried out in forests, 
plantations and nurseries and how the material should be labelled and paoked. "Data 
reoording and dooumentation" (item 9) are of course necessary elements of the control 
measures. Eaoh seed lot,for instance, will have to be furnished with a standard set of 
reoords oompriaing detailed identification, year of collection, quantities of fruit/conea 
oolleoted and seed extraoted, atorage and quality of aeed. In addition, recorda ahould be 
kept of handling in nurseries, and reference made to institutes (organizations) and persons 
responsible for the exeoution of the different operations (see Barner, 1974a). When the 
deSignated authority is satisfied that all operations have been made in strict acoordance 
with the direotives, oertification will be iasued. 

Although the desoription above is juat a brief outline of a certification soheme in 
operation it m~ give the impression of a fairly cumberaome system with a heavy load of 
bureauor~y or papera. True, a soheme whioh haa to oater to so Qlany interests will require 
a good deal or ohecking and registration. But it haa also provided a olarifioation of the 
maqy oonoepts and terms whioh are used in oonneotion with oollection, handling and testing 
of seed and thus given an international basia for the procurement and control of seed. It 
should be stressed that the OECD soheme has been developed with partioular oonaideration 
given to oiroumstanoes in temperate regions of the Northern Hemisphere. Therefore, before 
implementing the rules and direotives to tropical oonditions th~ so~e~e a~ould be ori~ioally 
examined and altered where rules do not apply, whioh m~ mean s~mpl~f~oat~on. Rererr~ng to 
the purpose ot oertifioation as derined by Matthews (~964), the soheme sh~uld make a~ailable 
seed troa the be.t .ouroes, properly identified genet~o~lly, and of the h~ghe~t pos~~ble 
Ph,y.iolopoal quality. As explained above, this neoess~tates oontrol. and re~strat~on, but 
it me,y be appropriate to warn apinst a too elaborate oontrol system ~f the result beoome. 
either a hindranoe to the pro~sion of seed or a temptation to evade the system. 
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'!'he ia .. riaoe .t ••• d. in II1Q' tore.t plu:b,tion prosr_. omnot be wnr-emphuis.4 
..... 4 i. a by .l __ t in plat prod:a.ctioa. .l prerequi.i t. in UI;Y planting prosr-. i. 
an .. ~ w.pply .t ••• d. (:UO, 1955). U8U&1ly, the icleal thing would. b. to .ow ••• d. in 
the fi.ld. or 1llU'8.r;y ... oon .. it i. ooll.ot.d.. HoveTer, in Ti.w ot the «reat ~anu tor 
••• 4 'by larp_oal. plantation progr_ •• , thi. i. not al"",. po.dble .0 ••• d mWlt be 001-
l.ot.d. in a4'Yano. and. .tored.. Th. aiJa, hov .... r, .hould. be to .tore ••• d. tor .. Gori a tim. 
and. .. perf.otly .. po •• ibl. in or4er to enw.re minimum 10 •• ot germinative energy. 

Bal4win (1942) cletin.d. .tor ..... the pre •• rvation of .eed from the time of oollection 
or .xtraction lDltil it i. de.ired. that it .halJ. germinat.. Pram a phy.iologioal point of 
Ti.w, ho ....... r, the .torap p.riod. al.o inolu4e. the tim. on the plant between maturity and 
harTen, wh.re veath.riq i. oft.n a •• rioWl taotor. D.tailed .. peot. ot phy.iologioal con
.id.erati ... iDY'Olved. in .torap will be given le •• treatment in this lecture; emphui. in
.t.ad. will be on the practioal .. peot. ot •• ed. pre.ervation fram the time ot colleoting to 
.owing. 

PREPARATIOJl OP SEEDS lI'OR S'roRAGE 

Tr..-portation ot Fruit. 

S •• u require tran.poriation tram th.ir .ouroe. ot oolleotion to their de.tination 
tor extraction and. oleaning betor •• torage. When fruit. or oone. are ooll.cted they .hould 
not be deli ... red to the prooe •• ing oentre. in w.oh air-tight container. that air oircula
tion i. prev.nt.d. On the oth.r hand, oloth b~ .hould. not be ot .uoh open weave that 
••• u om •• oape during tran.poriation. To prevent "heating" and mould in warm w.ather, 

'the 0011.ot.4 ••• 4 ~ould not be pil.d 010 •• 11' in a oonfined .paoe, and th.y .hould. b. 
d.eli ... red tor .xtraction ... oon .. po •• ible. It i. advillable to move bagII about daily to 
proTid.e w.ttioient aeration. 

S.ed. Extraction 

Af'ter colleoting cone. or other trui t., a very important .tage in .eed handling is 
the extraction aDd oleaning ot .eed. Generally, oon •• and .everal other type. ot fruit. 
require pre-drying to tacili tat. .xtraotion ot the .eeds. On the oth.r hand, some fruit. 
require a period ot .oaking in water betore .eeds oan be rele .. ed for e .. y extraction. 
Wheth.r drying or .oaking in water i. required, great oare i. needed during the operation 
in order to enllUl'O minimwn injury to the .eeds. 

X.ohallioal deTioe. have been developed tor the extraction of •• ed, but in liigeria 
aad. maay oth.r deTeloping oountrie., .eed extraction i •• till done by haDd. In either 
o .. e, be it manual or m.ohaDioal extraction, the teohnique. vary with the .p.oie •• 

S.ed C l.aning 

Th.re i. UJlU&lly the practioal problem. ot inadveriently oolleoting immature fruit. 
cluring barYe.ting. Thi. i. beoau •• not all the fruit. ot a given orop mature at the .ame 
tim., ad .iDo. it i. not UJIUally .oonomioal to har-...t each •• ed or fruit as it mature. 
by repeat.dly ping over the orop, illllllature •• eu are otten ~.ted along with mature 
one.. Sino. illlDature •• eu are low in Tiablli ty azul have a .horier 10J1&'8vi ty than mature 
••• 411, th.y are 1 ••• d.e.irabl. tor .t0ra.P aDd .hould th.retore be removed during oleaning. 

When a ••• d lot i. ~n.4, it contain. tr .. h, broken ••• ds md light ••• ds whioh 
~ou14 be •• parat.d tram the .ound •• ed before .torage. However tor .am •• peoie., suoh .. 
••• t ouoalypt., it i. not practioal to .oparate .ound .oed from the _alle.t impuritie. 
(o.B. unrortilisod. or abort04 O'YUlo. call.d "ohatt"). .11.0, .. more and more eTiclence 
,indioato. that the .0e4Jt ot sreate.t lonpvity in a given .eod lot are tho •• with the 
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great •• t den.ity, it i. de.irable that only •• ede of high density .hould b. kept for long 
.tor~ (Harrington, 1972). Proper oleming prooedure. for .eed. are well oovered in the 
handbook by Hannond !1!:!. (1968) • 

Ufeoh of Extraction and Cleaning Treatments 

Haack (1909) .tate. that the first pre-requisite for auooe.stul .torage is good 
extraotion and cleaning. Seed oleaning can be damaging to seeda, especially dry seeda. 
Damaged or weakened .eede will not keep well in storage· therefore it is of vital importanoe 
to ex.roi.e maximum oare during extraction and oleaning'to avoid i~jury to the seede. Seeds 
whioh have been injured by abrasive dewinging and scarification, or weakened by wetting, 
fluotuating temperature., or other influences never regain their original vigour. 

Methode of Seed Drying 

When .eed moi.ture oontent after harvesting and cleaning is too high for .torage, 
the .eede must be dried. Harrington (1972) describes the follOwing three wl\Ys of drying 
.eed. 

Sun-Drying 

Seede 0811 be dried by spreading them on to the ground, on a paved surface or on a 
oanvas for eun-d.ry"ing. Thi. method, however, failB during rainy or highly humid periode. 
Also, seed germination capacity oan be decreased if the days are extremely hot. 

Use of Ambient Air 

Seede 0811 be placed in a bin or other container through whioh ambient air is blown. 
Suoh drying is inexpensive, but is effeotive only as long &8 the relative humidity of the 
air is lower than the equilibrium moisture content of the seeda. If the relative humidity 
of the air exoeede equilibrium moisture, the seeds will gain moisture. Also, if the seede 
are not dried fast enough, storage fungi will invade the seeds, thereby reducing longevity. 

U.e of Heated Air 

This method is most cormnonly used. The temperature of the drying air is heated to 
inoreue the moi.ture gradient between the moist seede and the hot air, thus drying the 
seede faster. However exoessively high temperatures and rapid drying can be hazmtul and 
ma.)' .eriou.ly diminiSh'seed vigour or even lcill the seeds outright. The maximum .are 
drying temperatures will vary depending on the species. 

PRINCIPLES OF SEED S'IDRAGE 

Reasons for Storage 

The main reuons for storage of tree .eeda can be lIUIlIIIIarised as follows (FAO, 1955): 

(i) 

(11 ) 

(11i) 

to pre.erve .eede under oondi tions that best retain ge~inati ve energy 
during the interval between colleotion and time of so~ng; 

to protect .eede from damage by rodent., birds, insect. and other 
.nemies; and 
to pre.erve quantities of s.ed oolleoted during years of heavy seed to 
tum1Bh a aupply during years of 11 ttle or no orop. 
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T.ohDi~.. ot StoriDg S •• d 

!'re .... da are oOlllllonly riore4 under on. ot th. tollowing oon4.i:tion .... de.ori bed 
'by Bal4win ( 1942 ) I 

(1) Dry m1d oold .tora&e, .imulating oondition. :in the oon. or dry fruit on 
the tre., or 

(2) Koi.t.n4 oold riorage, .imulating oondition. in the fore.t litter and humu.. 

Dry aDd Cold Storase 

All ••• da o.n be apt longer at low temperatur •• than at high t.mperature., .inoe 
re.piration .nd ohemioal proo ••••• are retarded. Cold dry stora&e involve. the oontrol ot 
temperature, mOi.ture, .nd to .ome .xtent light, atmo.pheric condition. (pre.sure, gas •• ) 
aDd other enviroDm.ntal taotor. (Baldwin, 1942). a.n.rally, it has be.n .stablish.d that 
tluotuation ot taotors, .speoially temperature and/or mOisture, has adverse eff.ots on s •• d 
under .torage. 

Large h.avy seeds are best pre8erved in cold moist storage. Prevention of mould and 
maintenanoe of moisture m~ be obtained by mixing the seeds thoroughly with clean, moist 
sphagnum moss. Damp sand, peat, sawdust, cork, or ground charooal have also been used 
suoo.ssfUlly (FAO, 1955). 

Factors Influ.ncing Storage 

Although species differ markedly in their storage requirements, the S8Me factors are 
involv.d tor all. Many of the factors whioh influenoe the longevity of seed in storage 
inoludes 

(a) type of seed; eaoh .p.ci.s dift.rs from every other in its capacity for 
retaining viability; 

(b) stage of maturity at collection; 

(0) prestorage treatm.nt including .xtraotion and cleaning operation; 

(d) viability and moisture cont.nt when stored; 

(e) air temperature, humidity and oxygen pressure during storage; 

(t) degree of infection by fungi and bacteria before and during storage; 

(g) light; since light may oooasionally act &8 a stimulant of vital activity, 
if not germination, it is generally believed that seed retain their viability 
better in darkn.ss (Baldwin, 1942); and 

(h) pressure. Low atmospheric pr.ssure is appar.ntly favourable for ret.ntion 
of viability. Most of the .ff.ctiveness iB probably due to reduction in the 
pa.r1;ial pressure of oxygen (Baldwin, 1942). 

Th. complexities ot the interrelation.hips among these various factors notwithstanding, 
a few generalizations provide guidelin.s in sustaining seed viability (Holmes and Buszewicz, 
1958 and Roberts, 1912 as given by St.in .t al, 1914): 

"(i) Fully rip.ned s •• da will retain viability longer than Be.ds oollected when 
immature. 

(ii) S •• da of hilb initial viability will store better than those with low 
initial viability. 



- 71 -

(iii) Seede with bard, impermeable seed coats will retain viability longer than 
tho •• with soft permeable seed coats. 

(iv) Undamaged seeds will retain viability better in storage than seeds physically 
damaged during oollection or processing. 

(v) At low moisture content or low temperature, the adverse activities of insects 
and diseases are effectively slowed or stopped. 

(vi) Fluctuations in temperature or moisture are less 'favourable than constant 
conditions. 

(vii) For many species, the lower the temperature and the lower the seed moisture 
oontent, the longer the period of Viability." 

Proper storage should, in fact, begin with sound seed. Given seed that is mature, 
highly viable, and undamaged, its life span will hinge primarily on species characteristics 
and the temp.r~ture and humidity conditions prevailing during storage. Obviously, seedlots 
known to cont~n damaged, immature or low viability seed should be scheduled for earliest 
use and the best seed should be retained for long-term storage (Stein~, 1974). 

Temperature and Storage 

One of the major environmental factors affecting seed longevity is storage temperature. 
Generally speaking, all seeds keep better at relatively low temperatures than at high. In 
other wo~, the oooler the temperature the more slowly seed vitality declines. This rule 
continues to apply even at temperatures below freezing. 

It is a known fact that temperature fluctuations are more unfavourable to keeping 
quali ties than an even temperature. 

Just &II with high relative humidity, high temperatures are conducive to the activity 
of micro-org'lllli8IDs, especially insects. At 5°C and below, illllects become inactive. There
fore, beSides retaining seed viability, low temperature storage automatically prevents or 
controls inseot damage. 

The role of high temperature in speeding seed deterioration i8 not fully known. It 
is generally .. sumed that the high seed respiration at high temperatures is related in sOllIe 
~ to rapid loss in germination. In spite of this assumption, it ia quite obvious that 
the oauae of death is not depletion of stored foods (Harrington, 1972). The effect of 
temperature on seed longevity .till remains a fertile field for future research. 

Seed Moisture Content 
Seed moisture oontent is one of the two main factors influenoing aeed longevity. 

aenerally, the higher the seed moisture oontent the more rapid is the ~cre .. e in germina
tion oapacity. But, at extremely low moisture oontents of Beede, a sll.ght increalle in the 
rate of los. in germination occurs. 

Lov moisture content is favourable for keeping seed viability since it operates to 
auspend vital prooesses. This applies particularly to seeds whioh can be dried saf'ely. 

Seed moisture oontent is probably more important than. temperature in i ts influeno~ on 
ke.pin,; qualities and rather more diffioult to control. It ~s hard to meaaure or determ~ne 
aocurately vithout laboratory tests. Standard methods of determining moisture oontents of 
s.ed are desoribed in the rSTA Rules and Regulations (ISTA, 1966 and 1974). 

Problem. of storing seed of high moisture ~ontent. The problems of maintaining via
bility inorease with seed moi.ture oontent. Harr~ngton (1972) olllDe to the following con-
olusions, 
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(a) When .eed moi.ture i. above 40-60 peroent, pmination will ooour; 
(b) When it i. 18-20 peroent, heating • ., oocur; 

(0) When it i. 12-14 peroent, multiplioation of mioro-organi. ... will reault; and 

(4) When it i. 8-9 percent, in.eot. beoome aotive and reproduce. 

ThU8 the probl •• of high .eed moi.ture oontent include germination during .tor~, 
tuDgal attaolc and iMeot attaok. In addition, there i. a .erioU8 longevity - halving effect 
with each one peroent incre .. e in .eed moi.ture. 

Critioal moi.ture oontent level •• It i. important to note that critioal moisture 
oontent levele for .eeda of mo.t genera have not been worked out, but a range between 5-12 
peroent h .. been recOlllDended for most specie. whioh oan be dried. It is also important to 
note that even though low moisture inoreases longevity, over-drying can alao be harmful, 
otten leading to complete death of the •• ed. 

Normally, .eeda are stored with a moisture oontent low enough so that germination, 
with re.ulting death of •• ed, will not oocur during storage. 

Methoda of oontrolling moisture oontent. Moisture content in seeds can be controlled 
in m.ny ~.; the.e inolude: 

(i) Air-drying in the sun, or in a warm room, or in a seed extraction shed. This 
i. the .afe.t and the mo.t .imple. 

(ii) Oven-drying. This is orten not economioal, and great care is required to avoid 
over-drying • 

(iii) Use ot de.iomts, e.g. oaloil.Dn oxide, charooal, and silica gel beads. These 
are very effecti va aDd harmle.s to seeds if u.ed in the right proportions. 

(iV) Other ohemioal solutions have al.o been effectively used. However, great care 
i. needed in u.ing any ohemioal for regulating humidity and seed moisture content 
.inoe the ohemioal m~ directly affect the seed or cause excessive reduction in 
moi.ture content. 

MoiBture oontent aDd oontrol of in.eot and microflora. Insects and fungi are usua.lly 
held in cheok b.y dry, near-freezing or .ub-freezing stora.ge of seed, but in moist storage 
at 0001 temperatures, pre-lltorage tumiga.tion ma,y be neoeasa.ry (Holmes and Buszewicz, 1958). 

At .eed moi.ture oontents of 12-20 percent, the a.ctivity of micro-orga.nisms, particu
larly f'ungi, oan be great. The higher the moisture oontent in this range the more ra.pid 
is the growth of organisms and the grea.ter is the danger that they will destroy the capa.city 
of .eeda for gemination. Stor~ fungi are mostly species of Aspergillus and Penicillil.Dn, 
whioh are ubiquitous on deca,ying organic ma.tter. 

Sinoe it i. almost impo •• ible to keep .eeds free of stora.ge fungi, the easiest and 
be.t alternative is to keep ••• da dry - in equili bril.Dn with a. rela.ti ve humidity of 65% or 
drier. Under auoh oonditions, these organism. oannot dama.ge 8eeda (Harrington, 1972). 

At .e.d moi.ture content. below 8-9%, little or no inseot activity oocur. and in.eot 
reproduction will not take plaoe. If .eed moisture content is maintained below 8%, and the 
.torace is oompletely .ealed 10 that reapiration reduoes the o:r;ygen content below 14%, in
aeota oaanot IUrVive in the .eed (HarriDBton, 1972). 
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CONSTRUCTION OF SEED STORAGE FACILITIES 

Certainly, the longevity of seed in atorage is intimately related to its storage 
f~ility. There mu.t be protection against theft, rodents, birds, insects, and fungi that 
M1ght enter the storage and destroy the seed from outside. There must also be adequate 
control of temperature and relative humidity to minimize bioohemical destruotion of the aeed. 

Proteotion Against Theft, Rodents, Birds and Insects 

A good seed storage unit should have no windows and only one door, thus minimizing 
the chances of theft. The door should be sealed properly against rodents and inaects and 
looked when the atorage is not in use. Care must be taken not to let in rodents thrO~ 
the door when loada of aeed are being brought in or taken out. 

Wooden oonstruction is less desirable thaa brick, stone, concrete or metal. When 
wooden oonstructions are used, the foundat~on should be of atone or concrete and should 
extend three feet (1 m) above the ground. There should be a lip around the building at a 
height of 3 feet (1 m) extending out 6 inohes (15 am). Such a construction makes entranoe 
by rodents through. the walls virtually impossible as long as the foundation remains un
oracked. 

Storage insects oan even be more damaging than rodents and usually constitute a 
greater problem in the tropics than in temperate oountries. Constru.otion of the floor, 
walls and oeiling of the storage ahould be auch that no craQka exist whioh can harbour 
insects. Pl.-ter, insulation and plywood, properly applied, can minimize craoka. Venti
lation openings should be screened against insects. All openings, such as electric conduits, 
ventilation openings and doors, should be thoroughly sealed. A yearly painting of the 
interior with a residual insecticide will further minimize the possibility of inseot infesta
tion. 

Sanitation 

Sani tation, both inside and outside the bui Iding, is very important. Discarded 
seed and cleanings should be hauled aw~ and not dumped just outside the door and left to 
harbour storage insects. 

Fumigation 

Onoe the seed storage is completely free of insects, the most serious source of re
infestation is infested seed which is brought in. Seed m~ be brought in from the field 
alread,y intested or it may be transferred from an infested storage. Such infestation is 
oontrolled by fumigation. 

Rather than fumigate the whole storage, it ia advisable to have a fumigation room, 
wi th its own door on the outside or to fumigate the seed on a concrete slab under a tar
paulin. It is only after fumigation that the seed should be brought into the storage area. 

rt is important to note that fumigation (particularly r~peat~d ~igat~on) m~ 
seriously reduce vigour and even germinative capacity of seeda. Thu 18 parhcularly true 
of seeds with high moisture oontents. Seeds with moisture oontent greater than 14% should 
be dried to below this value before fumigation. 

High temperatures also incre.-e damage to seeda by fumigants. Therefore, fumigation 
i. only u.ed with entering seed. However, when a storage unit containing much seed does 
beoome inte.ted, then fumigation is neoessary. 
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Temperature Control 

or-perature ia one of the two moat important factora influencing aeed longevity. 
The lower the temperature the lonpr aeeda maintain thei r prminati ve oapaci ty. Temperature 
control mq be achieved by ventilation, inaulation and refrigeration. Theae methode are 
not mutually e%oluaive and are normally uaed to aupplement each other. 

In tropical countriea,refrigeration ia neoesaary to keep storage temperatures below 
the uaual ambient tempe: 'aturea for long-term atorage of aeed. 

Moiature Control 

Experienoe has shown that refrigeration alone is not sufficient for seed storage. 
Benoe,refrigeration atorage is used in oombination with dehumidification or with aealing 
the dried aeeda in moisture-proof containers before they are placed in refrigerated storage. 
Thia ia the technique prinoipally adopted in Nigeria. 

If aeeds are dried to aafe moisture levela and then stored acaled in moisture
vapourproof containera, the low moiature content of the aeed will be maintained even under 
atorage conditiona of high relative humidity. Seeds aealed in suoh oontainers and stored 
in oold atorage can keep their germinative capacity for long periods. 

Use of Deaiocants 

Since moisture-proof containers are difficult to open and reseal, they are not use
ful for plant breeders and aeed oontrol offiCials, who must store many small samplea that 
muat be readily acoeaaible. Such aamples could be stored in a dehumidified,refrigerated 
room. Suoh rooma are in use though they are very expenai ve. Alao in many areas of the 
world, electriCity is often unreliable, 80 refrigeration and dehumidification may not always 
work. An alternative is to atore aeed aamplea in metal boxes with gaaketted snap-on lids, 
with desiooanta (e.g. silioa gel) enclosed with the seed samples. 

Silioa gel is available with all or some of the granulea treated with cobalt chloride, 
whioh makes the ailica gel turn from blue to pink at about 45% relative humidity. A quantity 
of ailica 181 is enolosed with the seed in the metal box in the ratio of 1:10. When the 
indicator granules turn pink, the ailica gel is removed, reactivated by drying in an oven 
at 175°C, oooled in a sealed container, and returned to the metal box. Thua, the seeda are 
kept below equilibrium with 45% relative humidity, a moisture content desirable for several 
years of storage in a temperature range of 20 to 250 C. 

In addition to easy aocessibility, the metal box or such other container has other 
advantages: 

(i) It ia rodent and inaect-proof as well aa moisture-proof; 

(ii) The boxes which are not very expenaive are eaSily stacked on shelves 
in a 8111811 area; 

(iii) Alao, aeeda in equilibrium with 45% RH will not be damaged by stored 
fungi; 

(iv) The only care required is periodic inapection to malee sure the indicator 
ailica gel remaina blue. 

Effeota of Airtight/Sealed Storage 

Haaok (1909), by oarefully controlled experimenta, ahowed that while airtight con
tainera cannot wholly prevent deterioration of seed with storage, they help prolong life 
oonaiclerably. 
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,It is now believed that the main virtue of sealed storage is not only to preserve 
the mOlsture oontent, but also to prevent contamination by fungi and possibly other enemies 
(Baldwin, 1942). It ia,of vital importance to ensure that seed is dried to optimal moisture 
oontent level before belng sealed, otherwise, sealing will serve only to prolong an un
favourable oondition, resulting in deterioration. 

Choice of Containers 

Severa! types of storage containers have already been mentioned. The important factor 
in the choice of containers is primarily the degree of sealing required. 

Most large-scale storage of seeds is done in tightly-closed containers. Such con
tainers slow down but do not entirely stop gas exchange between the contents of the container 
and the air within the storage facility. Obviously, the more contrast there is between 
inside and outside, the greater the need for minimiSing exchange. Other factors to consider 
in the ohoice of the best container for a given use were listed by Stein et al (1974) as 
follows: 

"(i) When Beed requires further drying in storage, do not use a tight-closing con
tainer beoause enclosing excess moisture is harmful to the seed (Barton, 1961). 

(ii) Use a tight-closing container if gain in mositure content can be damaging and 
relative humidity in the storage facility is high. 

(iii) Containers and seed can quickly gather unwanted condensation when brought 
out of cold or subfreezing storage. Warming to room temperature is recom
mended before opening a container brought out of such storage. 

(iv) 

(v) 

(vi ) 

Four to 10 mil polythylene bags will exclude or retain moisture but still 
allow exohange of oxygen and carbon dioxide with air outside. Such exchange 
m~ be beneficial or harmful depending on the species. 

A container that is easy to open and close is desirable when quantities of 
seed are likely to be added or removed repeatedly. Open only when necessary 
to minimize temperature and relative humidity fluctuations. Alternatively, 
store seeds in small containers, so that the entire content can be stored or 
emptied at onoe. 

Fill containers completely to ensure minimum exchange of moisture between the 
seed and the entrapped air. 

(vii) When seed moisture oontent or relative humidity is high, the oontainer must 
be made of moisture resistant material. 

(Viii) When seeds are fragile and easily damaged, a rigid-walled container should 
be used. Moisture-proof plastio bags are often used as liners for rigid oon-

(ix) 

(x) 

tainers. 

Choose a oontainer shape and stacking arrangement which faoilitates uniform 
temperature and aeration throughout the storage facility. 

Some oontainers ml3 be of substanoes that are bannf'ul to tree, and " shrub seeda 
(Barton, 1954). Unproven containers should be tested for to~ty. 
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TBSTI1fG SEED QUA-LIT! 

Any aeed atorage programme, whether for oommeroial a.ed or germ-pl.-m aeed, needa 
to have a aeed teating progr8lllllle &II well. The atorer of oOlllllleroial a.ed needa to know 
whioh lota will begin to deteriorate moat rapidly ao he oan aell them firat. Alao, the 
director of a germ-plaan atorage must be able to ... oertain when to "grow out" a aeed lot 
before it ia aerioualy reduoed in germination oapaoity or even oompletely loat (Harrington, 
1972). 

The variou. kinda of aeed teating and the prooedurea are deacribed in the Inter
national Seed Teating Aaaociation (ISTA) rulea and regulationa (1966 and 1974). Among other 
teata, it ia important that every aeedlot ahould be germination-tested when it ia received 
for atorage, ao that the aeed quality ia reoorded. Subaequent periodic teata ahould be 
made to detect deterioration. If deterioration ooours, storage oonditiona ahould be ohecked 
to disoover the reason and oorrective meuurea taken (Harrington, 1972). 

PACKING Al1D TRAIfSPORT OF SEED 

Packing for Shipnent 

Experience haB shown that loaa of viability h ... been traoed to exposure to high 
temperature a and varying humidity in transit. Some aeeda require preaervation in dry con
ditiona, othera moiat. 

The type of packaging aelected for a seed shipment will depend on the nature of the 
aeed, quantity to be ahipped, time in tr&nait, mode of transport, and expected weather con
ditiona. The follOwing helpful praotioes are reoommended by Stein ~ (1974): 

(i) Double-vrap the aeed. Enolose the aeed container in a sturdy, preferably 
rigid, outer container. 

(ii) 

(iii) 

(iv) 

( v) 

(vi) 

(vii) 

Small or moderate size containera generally withstand ahipnent better than 
large oontainera. 

Fill oontainera completely to minimize air content and jostling of aeeda 
during ahipm ent • 

Seal in plastic, foil, or moisture-resistant kraft bags or in rigid oontainers 
auch as vials, plutic bottlea or tina. 

Seeda requiring high moiature should be mixed in moistened fine aphagnum moa., 
peat or aawdu.t and plaoed in water-resistant containera. 

For aome apeoiea, a chemical gemination inhibitor may be added to the 
moiatened medium (Barton 1961). 

Large, moist aeeda oan be aealed individually with paraffin or latex. 

(viii) All paokagea ahould bear a good identifying label on the innermost covering 
and another one within the oontainer. 

(iX) For long diatanoea, ahipnent of aenaitive aeeda b,y air is deairable. 
Hermetically aealed containers may explode at high altitudea. 

(x) Seed packagea ahould permit ready opening and reclosing if deatined for 
export to a oountry requiring fumigation. 
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Transportation of Seed 

In addition to transportation from field to storage, seeda also undergo transporta
tion between storages, .. well .. from storage to the planting site. All these involve 
periods of storage during whioh deterioration can be serious. It is important to note that at 
all stages o~ tr~portation, th~ principles of good storage apply equally. Steps must be 
taken to avo1d h1gh and fluctuat1ng temperatures and adverse humidity which are the major 
OBUses of loss of viability. 

With adequate packing and carefully planned shipment, most lots should arrive at 
their destinations in good condition. It is wise to send adequate instructions on post
shipment care with each lot. 

Baldwin, H.I. 
1942 

Barton, L. V • 
1954 

Barton, L. V • 
1961 
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Tree improvement implies, generally speaking, all the activities based on utilizing 
the genetic potential of the species. This means that between and within species there is 
variation that we can use to our advantage. Variation is the result of interaction between 
the environment and inherited qualities of tree populations and individuals. In other 
words, it matters a sPod deal how we treat a particular population silviculturally and what 
kind of site it is planted on. Tree improvement may be applied in different circumstances 
and at varying degrees of intensity ranging from the oonservation of gene resources and 
species and provenanoe trials to seed orchard establishment, controlled crossings and 
progeny trials. 

A Ferequiai te for a tree improvement programme is plantation forestry. As soon 
as seed is collected and plants are raised and artificially cultivated, there is a chance 
to select and improve. Thus, it is convenient to oonsider tree improvement in relation 
to afforestation and reforestation programmes. It is obvious that tree improvement is 
partioularly relevant to savanna conditions as all forest establishments will have to rely 

,on planting, and to a large extent with introduoed species. 
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. Tree i~provement, and in a more narrow sense tree breeding, or selective breeding, 
1nvolves var10US stages of selection, beginning at the species and population level and 
ending with individuals, if we use the logical sequence. Species and provenance selection 
have a1re~ been discussed; we shall therefore turn to selection of superior single trees. 

Phenotypic Selection and Environment 

Any selection of individual trees is a phenotypic selection as we cannot separate 
the influence of the environment and the genotype without progeny trials. At more advanced 
stages of tree breeding, where single trees are selected in replicated experiments, the 
selection becomes increasingly "genotypic", but the most common situation is probably 
the selection of plus trees or superior phenotypes in natural stands or plantations in 
order to initiate an improvement programme. 

The relationship between the three concepts, phenotype, genotype and enVironment, 
is expressed in the well-known equation: 

Phenotype • genotype + environment 

The breeder's interest lies in securing the good genotypes, i.e. the trees that 
irrespective of environmental influences perform well or better than average. Such trees 
will possess a favourable genetic constitution, and they will, when grouped together, 
change the gene frequencies in a positive direction. 

The phenotypes are selected on the basis of a number of characters whose superiority 
should usually be equal to or better than a certain, fixed percentage above the population 
mean. Instead of the population mean, a representative portion of the population is 
often used for comparison. This may be the four or five nearest dominant trees. 

Which selection procedure to follow will have to be decided for the individual 
breeding programme, as each species and local market will have different requirements. 
Some guidelines on which method to follow may be attained by examining the relative 
importance of the individual characters in utilization or economic return. If a grading 
system (characters weighted) is employed, as for instance in the Texas Fbrest Service, 
U.S.A., the oomposite evaluation of the individual tree may be expressed as: total 
soore - height score + diameter Bcore + form Bcore. In the allocation cf a point score 
for a given characteristic, three factors have to be taken into account: (1) the amount 
of .uperiority of the trait, (2) the strength of inheritance of the trait, and (3) the 
eoonomic worth of this superiority. 

The number and type of characters used for selection vary of course, but some of 
the most common are listed below: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

Superior height growth 
Superior diameter growth 
Good pruning ability 
Strai$ht, no crook or spiral 
Flat (- wide) branch angle 
Narrow, oompact, well-formed 
Disease resistance 
Ins.ct resistance 
Drought resistance 
Wood characteristios 

bole 

orown 

Of the three faotors to be considered before employing a grading system, the first 
oan be me_ured but the other two may be much more difficult to estimate. The strength 
of 1nheritanoe ~f the trait (2) for instance is only possible to .. ses. after progeny 
testing 1 ••• in the oourse of the breeding work for which we have to seleot material. 
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Therefore in the initial phaaes of a breeding programme it may be advisable to use a selec
tion procedure for individual trees which only registers the neoessary information without 
weiahting. What is actually "necessary" may be difficult "to toresee so there is an under
standable tendency to work out more elaborate plus tree record forma than is really justi
fiable. A measure of how much is reasonable to register can be obtained trom breeding 
programmes which have been in operation for some time and from actual usage in the field. 
From the former it ma;y be seen how much and to what purpose the data have been used and 
from the latter whether the forms and descriptions are praotical to handle. 

A measure of the intensity of selection is the selection differential, which is the 
difference between the mean of the selected trees and the mean of the population from which 
they are selected (see Fig. 1). As mentioned above, the mean of the whole population ma;y 
be replaced by the mean of the four to five nearest, dominant trees. The reason for doing 
this i8 partly the difficulty or impossibility of measuring the whole stand, especially in 
natural mixed forests, and partly that a better basis for comparison is probably obtained 
as the nearest trees are more likely to have been exposed to the same environmental 
influences as the potential plus-tree. The comparison trees should be found within a 
radius of 25 to 50 m from the plus-tree. 

Selection Intensity 

Diagrams show how the selection differential, S, depends on the 
proportion of the population selected, and on the variability of 
the character. All the individuals in the stippled areas, beyond 
the points of truncation, are selected. The axes are marked in 
hypothetical units of measurement. 

(al (b 
(c 

50% selected; standard deviation 2 units: 
20% selected; standard deviation 2 units: 
20% selected; standard deviation 1 unit: 

Fig. Frcm D.S. Falconer (1960) 

S .. 1.6 units 
S.2.8 units 
5-1.4 units 

The "effect" of selection is termed response (R) or genetic gain ( 6 a), and it 
will be seen that in additicn to the selection intensity the response is also affected by 
heritability. If the same selection intensity is applied to two characters with different 
heritabilities, the one with the lowest heritability will give the smallest response. 

Vegetative Propagation 

A technical problem which by no means should be ignored is the ease with which the 
different species ma;y be propagated vegetatively. In several cases the development of 
a suitable method of grafting, budding or cutting has been decisive fcr the progress of 
breedin,. The patch-budding method, for instance, gave rise to the intensive breeding of 
rubber {Hevea brasiliensis) and was later used fcr large-soale establishment of clonal 
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p1an~ationa. ~e aarne method with certain modification has made breeding of teak feasible, 
and 1 t aeelllll SU1 table for some other tropical hardwoods as well. Thus the deve10pnent of 
techniques for vegetative propagation is an indispensable part of individual tree selection. 

Progeny 'resting 

The purpose of progeny testing in the traditional sense is "to assess the genotype 
of an individual or the performance of a parent by a study of its progeny under controlled 
condi tiona". Progeny testing was first introduced by Gregor Mendel about 100 years ago, 
so it is an old story. 

Testing of progenies is also a means of estimating genetic parameters such as 
variances of different kinds (phenotypic, genotypic, additive and interaction between them), 
breeding value, combining ability, heritability etc. The latter, which may be termed 
"strength of inheritance", is of great importance for our selection work, as indicated 
above under selection of individuals. 

Types of Progeny 

The type of the progenies, among other things, determines how much information may 
be retrieved from the trials. Distinction is made between two main groups: half-sibs 
and full-sibs. 

Half-sibs 

Half-sibs comprise individuals deriving from one mother tree or one mother clone 
pollinated by the surrounding trees. Thus only the female parent is known. Many progeny 
trials are compoaed of half-sib families, a family being the group of trees with a common 
mother. 

Full-sibs 

In full-sib families both parents are known, as in the case with controlled crosses. 
More information can be obtained from such trials than from trials with half-sibs because 
an estimate of genetic variance can be made for both the female and male partners. 

SEED STANDS 

The following definitions are adopted in accordance with the OEI:D j} scheme: 

Stand: "A population of trees possessing sufficient uniformity in composition, 
constit'litIOn and arrangement to be distinguished from adjacent populations". 

A atand may be classified as plus, almost plus, normal or minus. 

Seed stand, seed production area: "A plus stand that is generally u~graded and 
and opened by removal of undesirable trees and then cultured for early and abundant Beed 
production" (Snyder, 1972 and Barner, 1974). 

11 OECD _ Orsanization for Economic Co-operation and Development 
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'ftle objeotivea of forming seed produotion are .. , or .. ed atanci8, are, according to 
Matthewa (1964) to! 

1. produoe aeed of improved inherent quality by selecting and favouring seed trees 
ldlich are vigorous, straight stemmed and healtb¥ and produoe wood of good 
quality; 

2. oonoentrate seed collection into a few specially treated parts of the forest, 
thus making seed oollection easier to organize and control; 

3. improve the germinative energy and germinative capacity of the seed collected. 

Age, Area and Development of Stand 

The stand must be old enough to have proved its value in various respects and it 
should be in a good stage of flowering and seed production, and not too old to allow seed 
to be collected for a reasonable number of years ahead. 

In special cases, however, it is justifiable to select younger stands, if they are 
showing great promise. It is recommended to register such stands as candi tate seed stands 
for later inspeotions. See Barner (1974). 

Seed stands should be of sufficient area, which normally means not less than 5 ha, 
in order to produce enough seed to be worth collecting and also to avoid possible risks 
in oollecting from very small populations. 

Isolation 

Isolation from inferior sources is very important. In wind-pollinated tree species 
such as most oonifers, proper isolation can be quite difficult to obtain, while insect
pollinated species like teak and rubber are easier to handle. If the seed stand is 
surrounded by undesirable pollination sources, oontamination may be avoided or at least 
reduced by using isolation belts or filters either of the same or other species. 

Treatment of Seed Stands 

According to the definitions used earlier, a seed stand or seed production area is 
distinguished from a seed souroe by the treatments given to it in order to promote seed 
production. 

Suoh treatments ~ comprise: 

1. Removal of inferior trees to improve the genetic quality of the seed. 

2. Thinnings to give the seed trees better spacing in order to improve conditions 
for flowering and seed production. 

3. Removal of undergrowth to facilitate seed oollection. 

4. Application of fertilizers to improve aeed production and seed quality (technical). 

5. Proper demarcation of the seed stand. 

6. Various other treatments, auch &8 pruning and application of insecticides to 
proteot flowers and fruits. 
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SEED ORCHARDS 

Seed Orchard Approach 

Stated briefly, the seed orchard method involves selection of superior individuals 
(wi thin a large, satisfactory population or one known to be of superior provenance) and 
transference of their genes in the form of clones or seedling progeny into an area which 
is isolated from undesirable sources of pollen contamination, and where the object of 
management is efficient seed production. This procedure may o~ may not be taken further 
to inolude the development of new improved orchards. 

Thus a tree seed orchard is a planted stand that is located, designed, established, 
composed, and managed to produce a reliable supply of genetically definable seed for 
purposes of forest management. 

This description of the seed orchard breeding prooedure and the above definition of 
a seed orchard do not imply a static strategy in which all worthwhile gains will accrue 
from the first orchard. In fact, a tree breeding programme should be dynamic, the objective 
being to continuously up-grade the genetic quality of the unit which produces the seed 
for reforestation (the seed orchard) by adding to the existing orchard or creating new 
orchards with improved clones of families. 

Clonal vs. Seedling Orchards 

Seed orchards may be established with clones (grafted ramets or rooted cuttings) or 
seedlings of selected trees. An entire double issue of the journal Silvae Genetica (1964) 
was devoted to discussions of seedling and clonal seed orchards (Toda, 1964); referenoe 
can be made to the several papers therein and a more recent and brief resum~ of Kellison 
(1969) for details of arguments for and against each of these types of orchards. Suffice 
it to s~ that, as regards the breeding of tropical coniferous species, a recent survey 
by Nikles (1973) showed that only seven orchards of about eighty seed orchards established 
by countries surveyed were seedling seed orchards. 

Benefits or Gains 

A comparison of seed orchard offspring of P. radiata (30 clones) with that from 
commercial sources showed after 3-~- years an imprOVement of 16 percent in height growth 
and 20 peroent in diameter, both characters of fairly low heritability. The experiment 
was conducted in Australia and reported by Griffin (1969). Hybrid seed orchards for larch 
(Larix decidua x leptolepis) have constantly given offspring with a 10 - 30 percent increase 
i~ur plus improved form and resistance to canker when compared with the respective 
species in Denmark. In rubber (~ brasiliensis), where seed orchard development has 
reached an advanced stage, offspring I:I.re yielding 4-5 times as much latex as the base 
populations from which breeding started (Keiding, 1972). 

Porterfield (1974), as quoted by Zobel (1974), had anal~sed the heritabilities of 
different qualities and worked out the gains that might be expected. In relation to the 
eoonomio oonsiderations of seed orchards his results were as follows: 

"1. TOtal volume gains from seed orchard seed over unimproved plantations varied 
from 12 to 14 peroent for unrogued seed orchards in the tree-improvement pro
grammes assessed. Additionally, there was a gain of 5 peroent for specific 
gravi ty while bole straightness and crown improvement were in exoess of 5 
peroent: Volume gains of more than 20 percent are quite possibl~ by increasing 
roiuing intensity and intensifYing vild-stand selection intensit1es. 
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Th. profitability of a tr.e improvement programme is olo.ely related to .eed 
yields from the orchard. 'ftle but genetio .tock i. of no value until sufficient 
••• ds are oollected and planted - the more Beeds, the BIOre acres that can be 
planted with superior .eedlins-. FOrterfield ' •• tudy illustrates the extreme 
importance of muimizing seed yielda from orchards by use of the best parent 
trees, fertilization, irrigation and pest control. Only 8 pounds of seed per 
&cre per year in the .eed orohard (after age 10) are necessary to break even for 
.eed whioh produoes seedlings 10 peroent genetically superior in volume, at an 
eight percent rate of return; however, eaoh pound of this kind of seed has a 
present value of S 116 and every effort should be made to obtain maximum seed 
yields. II 
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The produotion by the forest nursery of a suffioient number of plants of the right 
size and adequate quality at the right time is an important factor in successful plantation 
establishment. The first step towards the achievement of this is to have a properly-aited 
well-designed nursery with an efficient system of irrigation. Good nursery techniques, 
however skilfully applied, can rarely make up for a badly sited or badly designed nursery 
or one with an unaatisfactory system of irrigation. It must be remembered, howe,rer, that 
without a good nurseryman even the best-designed nursery is unlikely to produoe good stock. 

CHOOSIBG A BURSERY SITE 

The deoision must first be made whether the programme can best be met by having a large 
central nursery or several scattered small ones. Where oommunioations are inadequate or 
transport facilitie. not available there is no alternative to a number of smaller DUrseries. 
When there is a choioe, one has to consider the relative eoonomios of the two systems as 
well &8 several teohnioal factor. : 

(a) The ooat per plant of mass production in a large nursery ia likely to be 
muoh lower but the oost of tr&nllport from suoh a nursery to the planting 
site. is bound to be higber. There ~ be a labour transport and subsis
tenoe oost to be oonsidered in the oase of remote smaller nurseries. 

(b) The total capital ooat of establishing .everal small nurseries has to be 
balanoed .... inst that of establiahing the large oentral nursery. Equipment 
in the small nurseries will be simpler and the housing and related facilities 
of poorer quality but the total labour foroe will be higher IU¥i IIUIDy i teru 
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~ have to be duplicated. 

(0) In a large nu.rsery you have the advantage o'f being able to ooncentrate 
your elcilled supervisory eta'f'f, you oan provide more sophistioated 
equipment and you oan provide better 'facilities 'for your sta'f'f and 
labour. The supply o'f III&terials and the repair and maintenance o'f 
equipaent are easier to organise. 

(d) When you have a series o'f small JJU.rseries, then you have the advantage 
o'f being able to isolate disease outbreaks and limit their e'f'fects on 
total produotion. The overall e'f'fect o'f equipment breakdowns will be 
less, and it will usually be easier to obtain the neceseary quantities 
o'f soil and water. 

(e) The ef''fect on the !Ursery plants o'f transporting them long distances 
'from a central nursery over rough roads must be taken into consideration. 
Plants can suffer from wind-burn if not protected, but even with 
adequate protection deaths can ooour as the result of the breakage o'f 
'fine roots by oontinu.al vibration. 

Eaoh JJU.rsery 8i te should be on well-drained level ground.. Where well-drained land is 
not available, then a slight slope is desirable but care is needed to see that erosion does 
not develop. A system o'f sur'face irrigation dependent on gravity flow ~ also demand the 
use o'f a sloping site. A mid-slope poSition to allow cold air to drain away is preferable 
and one has to avoid the temptation to choose a topographically unsuitable site such as a 
valley bottom or stream bank in order to facilitate the supply o'f water. 

The nursery must o'f course be situated where an adequate and suitable supply of water 
oan be provided (not 'forgetting domestic demands) and it must be situated as near as 
possible to a souroe o'f suitable soil or of the major oonstituents o'f whatever soil mix 
may be used (balancing the cost of transport of soil against the cost of transport of the 
planting stook). 

Shelter is very important and unless the site is naturally sheltered a wind-break 
against the prevailing wind will have to be established. Hedges should also be 
established around. the nursery, with gaps for cold air drainage, and in large nurseries 
internal hedges may be helpfUl provided they do nct inter'fere with transport and work flow. 
In short-term nurseries arti'ficial soreens can take the place o'f hedges and wind-breaks and 
are likely to be needed in the early stages of a long-term nursery before the hedgeB and 
wind-breaks are fUlly established. 

Air pollution has to be taken into acoount in the vioinity of induBtrial plants. 
Sulphur dioxide oan have adverse ef'feots at oonsiderable distances under certain 
atmospherio oonditions. This has already proved a serious problem in one nursery on the 
Zambian Copperbelt. 

The presence o'f existing labour accommodation and related 'facilities and existing road 
acoes. ~ be a fUrther 'factor to be taken into oonsideration in the final ohoice of a site. 

PLADIJO THE :lURSERY LlYOUT 

It is oonvenient for both planning and operational purposes to divide a nursery into 
blocka, .ections and beds: 

(a) '!'he bed ia the basic unit, and the term 'bed' includes an area where 
boxe. or pl~ oontainers are laid out when in use, in addition to the 
obv1~us strRctural 'formation used as a seed-bed or transplant bed. 
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(b) '!he Bection II1gh:t oo_iBt of mvthiDg fro. two to eight bea and iB the 
unit which will be eubjected to the Bame treatmeDt at the .ame t1ae. 

(c) !be blook i •• erely a group of a oonvenient uw.ber of .eotions whioh will 
VB:r7 aooordiDg to the groUlld la;rout of the mu'sery. A blook IIlU8t always 
have space for a road through the oentre, along the lODg axis preferably, 
so that truck off-loadiDg or 10adiDg oan take place from both sides. 

A seed bed or tranaplant bed .hould be not more than 1 metre in internal width for 
oomfortable workiDg but BtaDding-out beds in whioh containers or boxes are stacked m~ be 
up to 1.2 aetreB wide, the actual width preferably beiDg arranged to take a round muaber of 
oontainers. Bed length iB a aatter of soale of operations and space available. The length 
of staDdiDB-OUt bedB Bhould be arranged to take a round muaber of oontainers, as this sim
plifies oountiDg and organisation. It is usually not oonvenient to have any beds longer 
than 10 aetreB or lateral aooess i8 impeded. The orientation of seed beds should ideally 
be Eaat-Nest to avoid ~ooroh. 

Seed beds would noraally be in separate blocks from the transplant and standing-out 
beds but should not be reacte from them. 

The total naaber of beds and Bections required haa to be calculated from the planned 
plantation prograaae talciDg aocount of culls, an allowance for blanking, and a safety 
JD&rgin. Allowance alBo has to be made for f'uture expansion in the case of long--term 
mu'series. It IllU.8t also be remembered that where plants have to remain in the nursery 
for over a year, additional bed space will be required. 

Facilities for shadiDg may have to be allowed for, but the precise form of these, as 
of the bed structures thelDBelves, will depend on the types of bed, the techniques employed 
and the ... terials available locally. Where root pruniDg by means of a wire is standard 
practioe, the de.ign of the shade supports and other bed features must allow for this. 

In the overall design and the layout of sections, blocks and beds, vehicle acceBS and 
vehiole flow must reoeive oonsiderable attention. A width of 5 metres should be allowed for 
a siDgle track road. There aust be adequate tumiDg space, and there should be no necessity 
for reveraiDg or other ground-ohurniDg manoeuvres. J:ny water draining from the beds over 
the surface should be led away from roads to avoid the development of soft patches. 

The paths between the beds IIIIlst be wide enough to take whatever hand-trucks, trolleys 
or barrows are used. One metre width is usually ample (see sketch 1). 

The layout should be such aa to enable a "flow" system of workiDg to be employed 
(Bee e%alDple in sketch 2) and should enable the handling of soil, containers and 
other _terial to be kept to the miniDIWII. 

The type of irrigation system in use will also affect the specific layout. Examples 
of the layout of parts of actual nurseries in Zambia are given on the diagrams (sketches 1-3) 
to illuBtrate this. 

In uuraeries where soil haa to be mixed with fertiliser or other ingredients, or where 
the soil is to be sterilised in 'clamps', then a seotion of the nursery has to be set aside 
for this. If the soil is to SO into oontainers, then a fUrther spaoe immediately adjacent 
to the mirlq/sterilisiDg area will have to be set aside for the filling operation. In 
DUrseries where soil iB used without any admixture or where sterilisation is either not done 
at all or done in the pots in situ, then these special areas will not be required as the soil 
will be offloaded direotly in the bed areas. Where Buoh areas are required they DlUst be 
looated with work flow aDd ainiDIUID handliDg and within-nursery transport in mind (sketch 3). 

In areaa where ~orrhizal inoculation is expeoted to be neoessary, it is usef'ul in a 
lOn&'-term zmrBery to have a .peoial lII,YOorrhir;al bed where pines are kept growiDgo The Boil 
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with which the bed is started should be brought ~rom an established pine stand, but it can 
be kept topped up therea~ter with ordinary woodland soil. 

In long-term nurseries, it is always as well to allow extra space in any case, to allow 
not only ~or u~oreseen expansion but also ~or changes in technique and experimentation with 
new techniques. 

In addition to covered storage ~or barrows, oontainers and other equipment, speoial 
storage has to be provided for ~ertilisers, insectiCides, fUngicides and other chemicals. 
This latter should be conveniently located in the nursery where possible to minimise hand
ling of dangerous materials. 

Some provision should be made for the recording of meteorological data,in particular 
maximum and minimum temperatures and humidity. 

WATER SUPPLY R1!X5UlREMENTS 

It is important to estimate the quantity of water which will be required. Where a 
domestic supply is also required the water souroe at its lowest level must be able to 
yield not only the peak requirement for the plants but also the peak domestic demand. 

The nursery requirements obviously vary enormously aocording to local conditions and 
the type o~ stock being raised. Where there is no looal experienoe on whioh to base an 
estimate then rough oaloulations can be made on the basis of evapotranspiration rates (see 
Appendix 6 of Laurie, 1974). Figures on whioh to base domestic demand estimates will 
uaually be obtainable locally. 

WATER QUALITY 

The water should be relatively ~ree from silt and other undissolved solids and the 
content of dissolved salts must also be low. pH should normally be not more than 7. It is 
not possible to be absolutely dogmatic about the limits of these ~actors, however, as 
dif~erent species and different Boils react differently and the cultural practices em
ployed will also a~feot the tolerance of the plants. Laurie (in Chapter 11 and Appendix 6) 
suggests limits which could be used as a guide until local knowledge has accumulated. 

WATER SUPPLY INSTALLlTIONS 

Vater may be delivered to the nursery by gravity feed, hydraulic rams or pumps. 
Details are given in Appendix 6 o~ Laurie. 

When the irrigation is done by hand-held watering cans or knapsack sprayers or when it 
is a system of surface irrigation, then storage can be at ground level. It is, however, 
still essential to have storage, espeCially when the water source (a well, for example) 
cannot supply high peak flows over a short period although perfectly capable of supplying 
the required quantity per day. A oommon w83 o~ oalculating the storage capacity required 
is to take the peak daily requirement, allowing for fUture eXpansion, and then to double it. 

For hand watering by hose-pipe and spray rose and ~or all systems of overhead sprinkler 
irrigation, overhead storage is needed. A head of at least 10 metres when the tank is half 
fUll is needed in order to give the pressure required to produce small droplets. One should 
not rely upon continuous pumping against a closed valve to produoe the required pressure. 

Where domestic water is supplied from the same source, the domestic main must be 
separate ~rom. the DUrsery main so that varying domestic demands do not CBUse a fluctuation 
of pres.ure in the irrigation system. If a completely separate system can be provided 
then so much the better. 
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Wherever pwaping is involved it is advisable to have a standby pwap. If this is not 
feasible, the storage oapacity should be fUrther increased to cover breakdown periods. 

Whatever irrigation system ~ be in use, the water has to be distributed to various 
points in the nursery by a series of either stationary or portable lines. Details of the 
various alternatives are desoribed in Appendix 6 of Laurie. 

Silt traps should be installed and a means of flushing out the system provided wherever 
sprinkler irrigation is in use. 

IRRIGATION METHODS 

Hand watering with oans fitted with a spr~-rose or with knapsack mist sprayers is the 
obvious method for small nurseries (s~, up to 10,000 plants). An adequate number of 
filling-points must be provided. 

Hand watering with hose-fitted with a spray-rose can be used in small nurseries where 
the necessary head of water oan be provided. This method can of course oope with larger 
nurseries but suffers from the same defect as the other hand methods in that uniformity 
of coverage is difficult to achieve. It is necessary to provide plenty of stand-pipes for 
this method, say one at each end of each block. 

Surface irrigation can be applied to large nurseries but it i8 not a method very widely 
used. A good deal of skill is required in laying out suoh a system though it is comparative
ly inexpensive to operate. It is moreover difficult to control the amounts of water 
supplied and it is inefficient in water use. Fertilisers, insectioides and fungicides 
whioh cannot be used in sprinkler systems can be introduced with the water in surface 
systems but this also tends to be wasteful and difficult to control. 

The ideal system for large nurseries is overhead sprinkler irrigation. A large 
number of systems are available but they can all be classed as either rotary sprinklers, 
nozzle lines, or perforated pipes. Rotary systems tend to produce larger droplets than 
the other two and owing to the shape of their spray pattern it is more difficult to arrange 
uniform ooverage. They are however more tolerant of small particles in the water and so 
less liable to blookages. Nozzle lines are easier to maintain than perforated pipes. Both 
give a good uniform ooverage. 

No sprinkler system is perfect, however, and it is often found in practice that some 
supplementary hand watering is required, particularly in turbulent conditions. 

Whenever a sprinkler system is being designed it is helpful to obtain expert advice 
before a final deoision is made. Potential suppliers of equipment should be consulted and 
should be given very full information about the requirements. This should include: 

(i Area to be covered 
(ii Frequency, strength and direotion of wind 

(iii ~mum permissible droplet size 
(iv Required rate of delivery per square metre of bed 
(v Pressure available 

(vi _ Size of main pipe from storage tank 
(the last two where water supply already installed) 

If you cannot get advioe then at least get hold of the makers' manuals and stu~ them 
before ordering the equipment. 

Laurie, M.V. 
1974 

REFERENCES 

Tree planting practioes in Afrioan savannas. FAO ForestTy Development 
Paper No. 19. Rome, FAD. 185 p. 
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Two oontrallting h7P0th .... have be.n put forward for plan1-raising in the partioularly 
diffioult oonditions of the Sahel: 

1. Great oare .hould b. tak.n to rahe vigorous plant. in the b.st nursery 
oonditions .0 that th.y can Iff'ow rapidly during the first rainy sea.on 
and .urvive the follOWing dry .ea.on. 

2. B\1I".er7 plants should nat b. !iv.n .peoial oar. in the nursery, in order 
that they beooae used to the diffioult oonditions whioh they will 
experi.noe in the field and in order that only the IIlOIIt res1atant indi
viduals .urvive to be planted. 

In order to settle this quesUon, trials were oondaated in Bi_ey (Bipr) in 1971 
involvins the following nursery treat.ent., 

!!2!!' 
S1 - ooapost 
52 - black earth and aand 
53 - .and 

FertiU.ersl 

1"1 - no fertili •• r application 
P2 - 2 • fertiliser applied per pot 
1"3 - 4 '. fertili.er applied per pot 



.t .. illll 
V1 - 11ldt.d ."vine 
V2 - a ... a,. .t .. inc 
V3 - hea...,. ..... inc 
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'!'h .... , b7 ta"'orial OOllbiD&tion, 27 ditt .. em treat.en'h w ... giv.n. The te.t .peohs 
•• l."'ed M&8 BaoallP' .... oa.aldul.nai. 8298. 

3 Th ••• plaDt. were plauted out in the tield in Ju~ 1971 in a oUbio lattioe design 
(3 "reat.enta), 25 plauts PG' pl"', .)aCed 3 x 3 m, wi"h thre~ replications. 

8t~ine with the tirst season, 1.pariant ditterence. in rate ot gr'owth were diB-
.. inpi.h&ble, d.peDdinC on the t;ypes ot .oil - 51, 82 or 8) aDd on the &lDounh ot tertilher 
app11ed, lI'3, 11'2 or li'1. .0 olear ditter.noe wa. reyealed a. relU'ds results due to ditterent 
ra .... ot _tvine. 

The oonol'WIion wa. "hat 800d treat ... t ot plalnli ill th ..... ery is desirabl. b.caus. 
it h.lps .. h. "take-ott" ot plants 01ft in the thld. and parante •• better gr'owth and. better 
rat. ot tab. 

both ... xPG'i .. nt ot the .... kiDd, b1ft in whioh the plants were toll owed on~ 
tbr01lch the nur .. r7 ."ap, W&8 1U1dertabn in 1975 at OuaaadOUCOU (UPPG' Volta). The teat 
.peci •• M&8 1ge&lrp!us oa.aldul.nai. and the trial inyolved .even ditt.r.nt treatments 
usinc II1nur •• ot sand, earth, lI&Dur. (oow-dung) and oompost in ditterent Pl'oporUon. &8 

tollOWSI 

1. 1/4 lI&Dur. 
2. 1/10 _nur. 

1/4 BaDd 
3/10 8&Dd 

1/2 ~h 
6/10 ~h 

3. 1/4 o_post 
4. 1/10 OOlllpost 
5. 
6. 
7. 

1/4 sand. 
3/10 II&nd 
1/2 sand 

'I'h. r.sul"s .. ot 14 Jul;r 1975 were as follows: 

Trea .... 1lt " ot 11 v. plallt. h.iP~.}eaohed aver&C(, h.ipt 
0.) 

1 70 0.927 66.2 

2 85 1.044 61.4 

3 100 1.604 80.2 

4 95 1.433 75.4 

5 100 1.213 60.65 

6 100 1.250 62.5 

7 100 1.162 58.1 

1/2 earth 
6/10 earth 
1/2 earth 
1 earth 

'!'h. b .... r •• ult. we. obtained with the llixtur., 1/4 OOlipoat, 1/4 sand and Y2 .arth. 
A d.tinit. ".JlI" ••• iv • • tt.", .. noted wh.n lI&Dur. (oow-dunc) W&8 used, an .tt.", whioh n •• d. 
to b. 41.0 •• ", b8O& •• th ... i •• .a...... ud •• 

bid. fr_ the oonolu1on that i .. 1. worthwhile "0 Jl'ovid. 1004 .. rea .... nt ot plan ... 
in the n .... G'7, th ••• r •• ult .... i11 r.t .. to 100al .it •• and it would b. n.o ••• ar7 to 
clnlll'llin. the b .... 1Dixt ..... tar •• on "'he .1t •• , aDd "0 clnG'llin. what are the po_1bUi
tie. of 0'bta1a1nc local .upp11 •• of pottine lDed1a. 
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The poi •• in the d.bou81on or .oil pottiq ai.xtve. in '!'ree Pl&D1;iy PraO'Uoe. in 
.ltrioan SaftoDll&. (1'£00, 1914) are valid .. broad. JK"inoiple., that 18, the .oil .hould be 
relatiyel,. l1Pt and. oohe81ye, and. haYe SOod. 1I&ter rnention ca}&oit,. and. a hieb orpnic 
and. aineal_tte ooment. 'l'he JK"aotical torellte In8t neYe torget, howeye, that the.e 
are on17 pneal prinoiples and. hia akill oouin. entire17 in workinc Old whioh ai%1;ve 
ot ... terials a.ilable to hi. is aon approJK"iate tor each 81te. 

GRovnro SD:DLIBOS II' JIlJRSmT BlmS VS. POl'S 

PlaJrt. traclitionall,. used. tor torenation purpo.e. in the Sahel - S1IdaD sone are 
.... 117 Vow in .eed beds, vis. ne_ (A-.diraolRa indica), cassia (ea.sia .iam_), aDd 
peliDA (g.eliu. arbor_). Sinoe thia aiaple anhod. has proYed .. ti.tactor,., no tlll"the 
experiaentation has been done. Still it should be noted that potted plants have better 
ohanoe. ot SOod. "take- than tho.e .n out with bare root •• this beinc all the aore true 
the har.her oondition. are. By 11&,. ot illustration, tollowinc are the survival 
rate. tor neea 6 .cmth. at"ter planting in a trial oonduoted in nge in 1912 (total ann_l 
raintall on17 281 _). 

Plant. crOWD int Dat e ot plant ing Survi val rat e 
in the field 

pot. 5/1 1/71 88 

pot. 4/10/71 81 

pot a 4/12/71 80 

pot. 5/1/72 77 
beda 4/12/11 35 
pot a 19/2/12 34 

beda 5/1/72 31 

bed.a 16/11/71 29 

bed. 5/10/11 20 

bed. 5/1 1/71 11 

The re.ults are particularly olear. They wee obtained. dving an erlre.e17 dry year. 
When raintall i •• ore abund.azrt the.e ditteenoe. di.inilllll and when raiDf'all i. on the order 
ot 500 _, no sharp ditterenoe. are tound bnween the tield .urvival ratea ot plant. ori&,
iDAl17 FOWD in pot. aDd tho.e FOWD in bed. and. planted bare-rooted. Below the 800 _ 
i.o~n, it is theretore nor-.l to plant neem, a.. liDA , c.s81a, aDd Dalbergia with bare 
root.. It i., howeve, not impo •• ible - and this i. a _tte tor diaousaion - that one 
would be quiokl,. led to aclvi.e the planting ot eucaJ.:rpta bare-rooted. 

tm: OF PO'l'S 

'l'he use ot planio (polythene) pot. i. now vey Oo.lon in the arid part. ot .ltrica. 
The aan_l Tree Plantinc PraGUoe. in Afrioan Sa"..DDU (1'£00, 1974) dwell. a F-t d .. l on 
this poiD1;. 

In .oae oase. the 1I8e ot .-.11 pot., whioh i. often aclvised. and. oertainly -.ke. tor 
apJK"eoiable .. vinca in tr&D8poriation oon., ..,. lead to the prood.uot ion ot .iok17 and. 
pneal17 1;00- .... 11 plam.. '!'he pot. whioh we teel ooabiDe axiInID aclvam ..... tor ~ 
.pecie. haYe the tollowinc .pecitioatioul 
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20 to 25 o. 
10 om 
40 .ioron. 
Pl"eterably blaok 
apPl"oxi-.tely 10, the hipen at 13 011 from the .eam. 

Partioular _pGaaia lIhould b. laid on the n.ed to out a_y the bottom ot the pot at 
plantiD« ti.e in order to .li.iDAte ourled roots at the bottom ot the pot, whioh are a 
Pl"obl_ tor -.D7 .peoie.. The plaatio lIheath obviOWlly also has to b. oar.tul~ r.moved; 
this point can naDd. repftition b.caus. all too ort.n 'bad. plantings are the result of car_ 
le ... '-hOd. ued in r .. oviD« the planio pot •• 

0l'BlL'R Jml'HODS OF RAISIlfG PLAlI'l'S 

As there has b.en Pl".viOWl disous.ion on the poowing ot plaut. in bed., ooverage 
here will b. oonfined to the use ot outtings and dir.ot sowing. 

Growine ot Shoot Cuttinp 

It is n.oessary to nr.ss the great hopes v.st ed in the poowing of genet ioal~ 
.el.cted Euoa1;rphaa olon.s, mist Pl"0Ja.ted. from shoot outtings. Th. People's Republic 
ot COD.BO has aooumulated n.l,.ble experienoe in this tield and it was int.nded that its 
r .. earoh Pl"ogr-.-. would lead to indUB'trial plantations ot EuoalyptUB olon •• (whioh have 
perhape alr~ been nart ed) • 

Quite _ide from the Pl"0po .... ot genetio iI8Pl"ove.em ot plants, which goe. b.yond 
the soope ot this report, the multiplication pballe. oom:pE'ise: 

- selecrUon ot plus tr.es from among ill:pE'oved speoies; 
- po.sible multiplioation by grafting; 
- tenine the poafted tre •• (above the graft) or plus trees to :pE'oduo. ooppio • 

• Pl" out II ; 
- t&kiD« outtinp from among the II:pE'OUts (with oonsideration ot the position 

along the wanoh); 
- deteraininc what kind ot soil is lluitable tor ririking outtings (very \11811-

drained, inert lIoil like gravels); 
- detinition ot uri; 
- horaonal treat.ent; 
- Pl"iokine out ot root ed outt inp ; 
- po.sible enablis.ent ot olon. 'banJcs tor indurririal_cale :pE'Oduotion of 

outtings or tor other re.eazooh purpose. (oontrolled hybridization, eto.) 

.u reprds the using ot BuoalffllUl outtings tor planting, note that the teohniques 
d.n.e in the COD.BO are rather local in oharacter; they are not suitable for lUI. either 
in Tlmisia, where "'her t.ohnique. have been work.d oui, or in Niger, where arter 4 yeazos 
ot such trials the Pl"oject was a'bandoned.. 

Dir.ct SOwiy 

X.uUon should also be -.d. ot tor.nation by .eans ot direot SOwing in the tield, 
b .. in the _w.maa this I8ethOd is lUI.tul only in very speoial oase. (e.g. ADacardiua aDd. 
.loaoia .. n •• l) as described by Laurie (FAO, 1974). 

PAD 
1974 

RD'IRDClIS 

Tree pl&JltiJag JlI'&ctioes in African saft,DD&S, b7 X.V. Laurie. FAO For .... ry 
DeTelopaeJd Paper .0. 19. ROIH. 
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Other leotures are dealing with sowing, soil mixtures, irrigation and proteotion, so 
the subjeots to be oonsidered now are shading, sheltering, weeding, root pruning, grading 
and paoking. 

The notes whioh follow refer mainly to plants raised in polypots as this is the most 
oommon praotioe in savanna regions. 

SHADE AND SHELTER 

The use of shade in forest nurseries is a matter of oonsiderable differenoe of Op1nlOn 
among foresters. In loklaysia for pines, seedbeds are shaded with a dense shade made from 
palm leaves, and after the seedlings are prioked out, a high shade is used for another 
three weeks (Paul, 1912). However in northern Thailand, where oonditions are more severe 
than in Jalaysia, shading pines after prioking out is only reoommended during Jaroh and 
April, the hottest time of the year, and then only for three days after pricking (Oranhof, 
1974). In Sanaru, Nigeria, seedlings were usually unshadec1 though there was some mortality 
from overheating in the outside rows of blooks of polypots, and one experiment did show 
inoreased height growth of pine seedlings when these were grown under shade. Unfortunately 
the performanoe of the shaded and unshaded seedlings in the field was untested. Shading is 
needed for small seedlings sown in boxes or trays, but for pricked out seedlings, or 
seedlings raised by direot sowing into containers, shade, if needed at all, should be 
removed one to three weeks after sowing or prioking out. 
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A nUJlber of different aaterials oan be used for shade. For seed trays a building with 
a translucent oorrugated perplex roof such as is used in Sa_ru, lipria, ill very suitable 
though expeDsive. A special t7Pe of shade oloth, known as "Sarlon" ill used in Mal~sia for 
transplant beds in the form of high shade about 2 m above the gro'lmd; the nate ria 1 used in 
.laysia transmts about 50 per oent of the l1sht falling on it, but thiB shade oloth oan 
a180 be obtained in other shade intensities from 3~ to 95~. White ootton cloth has been 
used in Thailand. Often only partial shade is needed; this can be nade from laths, or 
bamboos, or oorn stalks, separated so as to give about half shade. It is possible to 
fasten these together with wire or oord to form rolls. This enables the shade to be 
rolled up during the early morning and later afternoon, and also to be rolled up while the 
plants are being irrigated by spray lines or sprinklers. 

In areas exposed to drying winds, such as the harnattan of northern Nigeria, prOV1S10n 
of shelter in the form of soreens of mats or ooarse cloth rO'lmd the nursery is desirable. 
A hedge or windbreak of closely planted trees would selVe the same purpose. Suoh shelter 
not only reduoes the desiooating effeot of the wind, but also by reducing the effect of 
wind on spray irrigation, gives a more regular irrigation pattern. 

Small seedlings sometimes need protection against heavy rains oocurring at the begin
ning of the rainy season. Light oloth or polythene sheeting oan be used for this. 

Further informtion on nursery shade and shelter can be found in laurie (1974). 

WEEDING 

Hand weeding is still the oommonest method in African savanna nurseries, but in Zambia 
the weedkiller "Gramoxone" is used. This might well result in oonsiderable savings in oost 
(see Laurie, 1974, pp. 126-127). Fumigation of the soil before the seed is sown oan greatly 
reduce the number of weed seeds in the soil; a full description of the method, using methyl 
bromide, is given in Appendix 5 to Laurie's paper. Weeds on paths etc. can be controlled by 
the use of a flame gun. 

ROOT PHJNING 

If plants are grown in oontainers the roots will tend to emerge from the drainage 
holes into the soil beneath. The prupose of root pruning is to prevent this happening, as 
otherwise a long tap root is formed. The simplest method of root pruning is by lifting 
the pots and breaking off the roots; an improvement, when doing this, is to cut the roots 
with a sharp knife. Another method is to draw a piano wire between the bases of the pots 
and the soil. The method of air pruning, in whioh the plants are raised above the soil 
surface, so that when the roots emerge they are killed by exposure to the air, is described 
in laurie, p. 98, where there are also desoriptions of other pruning methods. Methods of 
root-pruning in boxes, and in 'lmderout beds, are desoribed on p. 94. 

GRADING 

About one month before the beginning of the planting season the plants should be 
graded and arranged in groups with the plants of approxinately even size, while at the same 
time oulls are discarded. Culls are plants which are excessively st'lmted, forked, or 
otherwise abnorllal. They nay also inolude oversized plants. If planting is to extend over 
two or three months the large plants should be planted first, and the rest as they sucoeS8-
ively attain a size large enough for planting. otherwise an attempt nay be made to attain 
more 'lmiformity of lIize by reducing water to the larger plants, and inoreasing that to the 
e_ller plants, and also possibly by applioation of fertilizers to the smaller plants. 
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Holding baok snaller plants until they beoome big enough for planting has oertain 
drawbaoks, as these plants may be genetioally inferior, or have been so cheoked in the 
nursery that subsequent growth in the field is poor. It is better to try to spread out 
sowing dates so that plants oome to the right size at the time they should be planted out. 

The question of the best size of plants to use is a matter of some oontrove rsy, and 
little experimental work appears to have been done on this. There is some disoussion of 
this in Laurie, p. 99. It may be that a muoh greater range of sizes oan be planted satis
faotorily than is oommonly thought. Certainly in Thailand exoellent results have been 
obtained from one year old ~ kesiya seedlings 30-40 cm high, though there the standard 
size is 15-20 om. In India also Eucalyptus plants over 1 m tall are sometimes used. 

Faotors influencing the optimum size of plants inolude the size of the oontainer, the 
severity of the olimate, and the amount of competition by grass and weeds. Another faotor 
whioh should be oonsidered is that large plants will be more expensive to transport, and 
more likely to be damaged in the process. 

PACKING AND TRANSPORT 

Paoking of oontainer-raised seedlings presents few problems. They are merely put in 
trays, and are loaded into vehioles. Wooden trays are sometimes used, but these are 
heavy, and trays I18.de of wire mesh are preferable. A simple tray of wire mesh has been 
designed in Thailand, oapable of holding 20 to 25 seedlings. These are provided with a 
spacer, so two or three tiers oan be oarried. This type of tray was designed so that it 
could be used in conjunotion with a carrying frame, so that a labourer can carry two full 
trays on his baok. This is very useful in mountainous country, where plants often have to 
be oarried fairly long distanoes by human transport. 

It is important that the containers should be paoked tightly, so that they oannot 
move. Lashing a rope over the containers is sometimes advisable, when carrying-distanoes 
are long. The vehiole oarrying the plants should be provided with a tarpaulin shade, and 
should travel at a moderate speed. 

Bare-rooted plants should have the roots puddled in mud, and be packed in bundles of 
50 or so in a large polythene bag. 

Teak stumps are very easy to transport. Trials in Thailand have shown that p.]&nts 
stumped to about 2 cm stem and 15 om root, with all side-roots removed, oan be stored in 
boxes or trenohes filled with dry sand for several months without losing their viability. 
Stumps are thus prepared in Ma.roh or April, for planting in June. 

Granhof, J.J. 
1974 

Laurie, M. V. 
'1974 

Paul, D.K. 
1972 

REFERmCES 

Nursery teohnique as praotised in the Pine project. Thai/ 
Danish Pine Project. 1969-1974. Bangkok. 

Tree planting practices in Afrioan savannas. FAO Forestry 
Development Paper No. 19. Rome. FAO. 

A Handbook of nursery praotice for Pinus oaribaea var. 
hondurensis and other oonfiers in WeBt"'"'Jkraysia. UNDP/n.O 
Fe: SF/W!.L 12. Working paper no. 19. Kuala Lumpur. 



Introduction 

- 100 -

THE ROLE OF MYCOlUUiIZA IN AFFORiSTATION 
'DIE NIGERIAN IXPUUliKCE jJ 

Z.O. Momoh 
Federal Ministry of Induatries 

Lagos, Nigeria 

M.A. Odeyinde 
Savanna Forestry Researoh Station 

Samaru, Zaria, Nigeria 

R.A. Gbaciegesin 
Savanna Forestry Researoh Station 

Samaru, Zaria, Nigeria 

CONTliKTS 

Are_ of successes and failures 

Prospects of Pisolithua tinctoriua 

Future lines of researoh 

Teohniques of collection and inoculation 

Conolusion 

References 

11 Paper ~or Symposium on Savanna A~forestation 

101 

102 

102 

103 

103 



- 101 -

INTRODUCTIOH 

There are several recorda in different parts of the world which show that uotic pines 
uully fail to establish unless sui table IIO'corrhisal fungi have been imported tor inooula
tion purposes (Mikola, 1913). '!bis statement is alao true for Nigeria where it has been 
shown that pine plantations oannot be established unless the seedlings have been infeoted 
b,y ~oorrhizal fungi. 

Aocording to Redhead (1974), the first reoord of introduction of pine into Nigeria 
vaa in 1925 when ~ longifolia Boxb. was introduced into the country from India. 

This and several other introductions in the following decade failed apparently 
beoaue no IIO'corrhiza was supplied. According to Madu (1961), !::.. halepensis Mill. and 
~ canariensis Smith were tried in Naraguta nursery, Jos, in 1950 while ~ oooarpa W&8 

also sown in the nursery in 1951. In 1952 they were inoculated with soils collected from 
pine standa in Oxford and flown to Nigeria. These seedlings were planted out in Vom in 
195~ without any visible evidence of lIO'oorrhizal infection. Also in 1954, P. patula 
Sch1ede & Deppe and P. radiata D. Don seed from South Africa was sown and inoculated with 
soil collected from P. patula stand in Bamenda, Cameroons. These seedlings were also 
planted in Vom in 1954. The set of 1954 plantings in Vom were the first suocessful pines 
raised in Higeria. 

Redhead (1974) quoting other unpublished records indicated that soil and fine root 
material vaa brought from Hdola Hill, Zambia, in 1959 and used to inoculate P. insularis 
and ~ kedya. These and other one year old seedlings of P. caribaea, ~ paWa, and 
P. radiata previously inoculated with mycorrhiza soil and root material collected from 
Yom and Naraguta were planted out in Mianeo in 1961. 

Since the establiahement of the Miango plots, infected soil collected from there has 
been the normal source of inoculum for pines raised for plantation establishments in other 
parts of Nigeria. It is not very clear which of the original sources of inoculum succeeded 
but it is probably either the one from Zambia or the Cameroons or both. 

Attempts to study IIO'corrhizae, technically, in Nigeria were initiated by Olatoye 
(1966) who made some general observations on mycorrhizae of pines at Ibadan. He also 
noted that soil inoculum collected from under pines at Vom, Haraguta and Bamenda were 
suitable for inoculation purposes. Mikola (1968) visited Nigeria among other countries to 
study the importance of mycorrhiza in afforestation. He made a number of valuable 
reoonunendations for future work. Momoh (1970) noted that temperature and aeration probably 
pl 81ed vital roles in myoorrhizal establishments. Later on he synthesized myoorrhiza of 
~ oooarpa, using pure culture of RhiZOporn luteolus. 'lbe seedlings so raised were 
suocessfully grown in the field (Momoh, 1975 

Redhead (1914) carried out a number of studies on mycorrhizae in Higeria, includin~ 
some eototrophic asaociations. Ekwebelam (1973) as well as Odeyinde and Ekwebelam (1914) 
also made some attempts to study mycorrhizae in Nigeria. They worked with pure cultures 
of myoorrh1zae forming fungi with limited degrees of suoce,s. They found that Genorh 
(a mixture of different species of Boletus) and Coenoooocum graniforme promoted better 
growth of !!. oaribaea than the other fungi they worked with. 

Despite theae various studies, the normal practice of raising pines in Nigeria is 
still b.y using soil inooulum collected from established pine plantations. 
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ARElS OF SUCC:mS:m AND FAILURl!5 

Wi th the current technique of using soil inoculum collected from under old pine 
plantationa for the inoculation of 8eedlinp, a reasonable degree of succeS8 has been 
achieved in the oountry. Pines have been suoce8stully grown on the Jos Plateau (elevation 
1 200 metres), Mambilla Plateau (average elevation of about 1 600 metres) and Obudu Cattle 
Ranoh Plateau (about 1 600 - 1 700 metres). Pines have al80 been grown fairly successfully 
at lover elevations in Afaka (600 metres) and Ibadan (about 180 metres). In the case of 
lbadan, there are only 3-4 rainless months while in some other" localities such as the 
Jos Plateau or Afaka, the rainless period can be of 4-6 months duration. 

In mo8t places where pines grow well the best one8 are Pinus oaribaea and ~ 
oocarpa. 

In some localities such as Bida and Mokwa (elevation of about 140-160 metres and 
about 4-5 rainless months), pine8 have almost al~s failed to grow successfully even 
after a sucoessful myoorrhizal infection of the seedlings in the nursery. The reasons 
for thi8 are not yet oompletely known but it i8 suspected that certain soil factors and 
the soil temperatures in particular might be a major factor. 

The sporooarpa of Bhizopoaon luteolus have been found in some plantations in the 
oountry (at elevations above 300 metres). Laboratory studies of cultures r~sed from 
suoh sporooarpa shoved the optimum growth of this f~gus on Hagem agar as 23 C. In 
culture the fungus vas incapable of growing above 34 C (Momoh, 1970). It is also known 
that th8 temperatures of the soil near the surface can sometimes be as high or even higher 
than 34 C. When the temperature remains high in the desicoated soil over a prolonged 
period in the dry season, it is not impossible that this might lead to the death of 
myoorrhizae and subsequent failure of the pines. 

In nurseries situated in dry areas of the country such as Samaru, Zaria, it is 
common to see dead inaotive myoorrhiza on the sides of polythene bags facing the sun (in 
a blook of baSS) while the myoorrhiza remains active on the opposite side of the same 
bag. 

PROSPECTS OF PISOLITHUS TINCTORIUS 

Redhead vas the first to import Pisolithus tinctorius (Pers.) Coker & Couch into 
Nigeria. He got hi. cultures from Dr. Zak in Oregon, U.S.A. He tried to inoculate 
seedlinp with this and other pure oul tures of myoorrhizae fungi but did not get any 
infection. In hi. report, he (Redhead, 1974) noted that "None of the pines showed any 
sian of myoorrhizal developnent" after 4 months. Redhead however gave some cultures to 
Ekwebelam who indioated that he had some successful inooulations (Ekwebelam, 1973). Since 
Dtwebelam worked with many fungi under a closely packed situation, it was not clear if the 
reported suooess with some of the cultures was not due to contamination from others. 

Nevertheless, P. tinotorius is known to be a very good mycorrhizal former in some 
hot sones of U.S.A.,espeoially in Georgia. Both cultures and .porooarpa of this fungus 
were therefore imported into Nigeria for further trials in the areas where other fungi 
like Bhizopo~n luteolus initially introduced into Nigeria through soil inoculum had 
failed. Momo and Gbadegesin (1975) have described the introduction of this fungus and 
the sucoessful initial experiments carried out with it. Suooesstully inooulated seedlinss 
of Pinu oooari!i vere planted out in the field at llianF, Afaka, Mokwa, Bida and 
EjidO'iii'i. So ar, the inooulated seedlinp have oontinued to grow quite well. The 
tunpa is also being inooulated onto P. oaribaea for similar and more extensive trials. 
Eventual17. it is hoped that "m;yoorrhIial banlaI" of P. tinotorius will be available to 
all pine srovera in the COlUltry. -
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It 18 clear that P. tinotoriua hu great prospeods in Nicer1a. In oulture it hall 
its optilDUlll growth at 306c and oontinues to grow at 42 C, while other known 1Q'00rrhhae 
fungi in Nigeria ar~ inoapabls or growing at ~s high temperature. For uample, !:. 
luteolus has an opt1mum of 23 C and dies at 34 C. The rate of growth of .. edl1np inooul~ 
ted with P. tinctorius is very muoh futer than what baa been achieved with any other 
IQ'corrh1zir tUng! tried in Samaru. The fungua alao forma sporooarpa very readily (JIomoh 
and ObadegeBin, 1915). Thua large quanti ties of pure forma of inooulum could be readily 
obtained through spore inooulation. 

FUTURE LINES OF RESEARCH 

In his studies Redhead (1968a & b) discovered that some indigenous Nigerian forest 
trees have ectotrophic ~oorrhizae whioh is the type found in pines. These were Afmelia 
~, A. afrioana, Braohystegia euryooma and Uapaoa togoensis. This fact suggests that 
there might be naturally existing fungi. in Nigeria that might be oapable of forming 
mycorrhiza with pines. Further studies in this respect are desirable. If suitable pine 
myoorrhiza fungi. are found in natural savanna lands, a new dimenaion might be introduced 
into pine inooulation problema. 

The current success of Pisoli thus tinctorius will be pursued with vigour. The fungua 
will be introduced into various localities on a wider scale so that its inoculum can be 
available to all pine growers in Nigeria and probably elsewhere. The seedlinga of pines 
already inoculated with p. tinctorius and planted out in the field will be &Bsesaed from 
time to time and more field trials will be set up. 

TECHNIQUES OF COLLECTION AND INOCULATION 

In the interest of pine growers, broad guide lines on ~corrhiza collection and 
inooulation will noy be given. Further details can be found in earlier publications 
(Momoh, 1970, and Momoh, 1974). 

Most foresters, tend to collect their inoculum from under old pine stands. This is 
very practioal. However, in areas with pronoW'lced dry season, as is normally the oase in 
savanna areas, the myoorrhiza in the soil ~ not be active all the year round especially 
at lower elevations. The inactive phase is the dry season which is also the usual nursery 
season. It is, therefore, neoessary to oarefully inspeot the proposed site of oolleotion 
to ensure that the mycorrhiza oolleoted for nursery inooulation is taken from an area where 
the mycorrhiza is in its aotive phase. 

The myoorrhiza soil should be used as soon as possible after oolleotion. The soil 
inooulum should not be allowed to dry out before use. Inooulation can be done b.y mixing 
myoorrhiza soil with the sowing mixture or b.y introducing a pinch of the inoculum into 
close prorlmi ty of the roots of the seedlings. 

Sinoe excessive temperature can be detrimental to many mycorrhizal fungi., light shading 
might be necessary in very hot areas. It must however be remembered that exoessive shading 
oan lead to etiolation of the seedlings. 

Teohnically, pure oulture inoculations are the best. They are however laborious 
and are normally limited to scientific research •. Neverthele~s, pure culture inooulations 
~an be used to establish mycorrhizal banks of deSlrable fungl. 
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OONCLUSION 

Atter some initial failures, pines were suooesstully introduoed into Nigeria in 1954 
atter neoessar,y ~oorrhizal inooulations. There are now some promising stands of pines, 
espeoially ~ oaribaea and ~ oooarpa, in different parts of Nigeria. Pisolithua 
tinotoriua appear. to be a very promising fungus for the areas where pine growth is still 
diftioul t as a result of ~oorrhizal failures. 

All pine growen in tropioal savannas are advised to always ensure that their seedlings 
are well inooulated with suitable ~oorrhizae before they are planted out in the field. 
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This lecture will deal mainly with result. from experiments in nursery methods at 
the Savanna Fbrestry Research Station at Samaru, Nigeria. Nursery research formed a 
relatively small part of the programme, as satisfactory techniques for raising moat of the 
important species had been found before the establishment of the atation. These included 
the use of polythene bags for raising seedlings, the incorporation of dieldrin dust in the 
potting mixture to prevent termite attack on Eucalyptus, and the technique of pregerminlr 
ting seeds, especially of pines, in a mixture of sand and vermiculite. However, this ia 
not to s~ that more research into nursery methods would not be desirable. Although the 
methods used are suooessful in producing satisfactory planting stock, it is certainly 
possi ble that even better and cheaper methods could be found. 

11 Paper for Symposium on Savanna Afforestation 
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The main experiment. undertaken were on container dze, .oil potting mixture., and the 
effeot of shading and different methods of inooulation by ~corrhizal fungi. 

CONTAINER SIZE 

The standard polythene bag used in northern Nigeria when full had a length of 25 om 
and a circumference of the .ame length, and weighed, when full, about 1 800 g. Obviously, 
oondderable savings in the amount of .oil needed in the nursery, in nursery spaoe, in road 
transport of seedlings, and in handling seedlings in the field could be obtained if smaller 
pots were used. Thus a number of experiments were undertaken to compare survival and growth 
in the field of plants raised in containers of different sizes. Results are given in 
Table 1; both survival and height were recorded nine months after planting. 

In the Eucalyptus trials, the smaller bags had little effect on survival, but caused 
some reduction in growth, which could possibly be tolerated. In the pine trials the 
small eat bags caused lower aurvival and growth, but there were no significant differences 
between plants raised in the two other sizes. 

Thus for pines 15 x 25 cm bags are satisfactory, but not the smaller onea, in the 
condi tions of Afaka. This will save about 40 percent in weight. The smallest bags would 
give a much greater saving, as they are only 22 percent as heavy as the largest ones. 
Suoh bags are, in fact, used in Zambia but the conditiona are not as severe there as in 
Nigeria. Under more severe conditions than those at Afaka, larger bags might be desirable. 

POTTING MIX'roRES 

Different combinations of potting mixtures and fertilizers have been experimented 
with for Euoalyptus camaldulensis,E. grandis hybrid, and ~ caribaea. A full account 
is given in Jackaon .!i.!:!. (1971). Some of the more important results are given below. 

Fbr eucalypts three rooting media were triedr river sand, sand mixed with rotted 
cow dung, and sand mixed wi th lo~ top soil from Mairabo Forest near Zaria, both of the 
last two in the proportion of three parts sand to two parts of the other constituent. Fbr 
both Eucalyptus species, tested germination was best in the sand and cow dung mixture, 
though there were indications that the cow dung increased mortality in E. grandi. hybrid 
seedlings, though not enough to offset the better germination. ~ oamaldulensis showed 
little difference in germination between the sand, and the sand and soil mixtures, but 
germination of E. grandis was slightly better in the sand. 

Subsequent height growth of both species was best in the mixture of sand and cow dung, 
and worst in the sand only. In the sand, growth was very poor indeed unless, in addition 
to phosphate, at least 0.9 gm of nitrogen per seedling were added to the potting mixture. 

The effect of phosphate was tested in only one experiment. At the rate of 3 kg of 
superphosphate per cubic metre of mixture, or 003 g of phosphorus per seedling, it 
increased the height growth of the seedlings from between two to four times, depending on 
what other nutrients were present. In other experiments thi. quantity of superphosphate 
was added as a standard procedure. 

There was also a very pronounoed response to nitrogen, whether in the form of urea, 
or of hoof and horn flakes. At a level of 003 !'II of phosphate per plant, each additional 
gramme of nitrogen increased height growth of 96-day old !:. camaldulensis seedlinga by 
17.8 om. 
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The most rapid growth of euoalypt seedlinp was obtained from a mixture of two parts 
of rotted oow dung, and three of sand, to which superphosphate at the rate of 3 kg/m3 and 
fertilizer at the rate equivalent to 700 g of nitrogen per m3 was added. However, in 90 
da,ys this produoed seedlinp 50 om high, whioh are probably over the optimum size for 
planting. Indeed, if cow dung is used in the potting mixture, satisfactory growth of 
seedlinp oan be obtained without additional nitrogen fertilizer. In the soil and sand 
mixture used, about 500 g per m3 of nitrogen equivalent would need to be added. Sand 
alone, even with the addition of fertilizere, gave generally poor results. 

~ oaribaea differed considerably from the eucalypts in its responses, especially 
to nitrogen. There were two experiments. The first compared di.fferent mixtures of sand 
and topsoil in proportions of 5:0, 4:1, 3:2 and 2:3 respectively, combined with the 
addition of urea, at 0, 1 and 2 kg/m3 and superphosphate at 0, 1 and 2 kg/m3• The topsoil 
had a ol~ content of 16 percent, a nitrogen content of 1.16 percent and a phosphorus 
content of 75 ppm. Survival was best in the 4:1 and 3:2 soil mixtures, but the mean height 
of survivore was much the same in all mixtures, except in the sand without soil, where 
it was markedly lower. Two kg of urea per m3 significantly inoreased mortality from 
an average of 14 percent to an average of 32 percent but the slight increase by 1 kg/m3 
was not statistically significant. Urea had negligible effects on the height growth of the 
seedlinp. Superphosphate increased the mean height of 6-month old seedlinp from 10.2 
to 17.7 cm, except in the pure sand, where effects were negligible: 1 kg of superphospate 
per m3 was as effective as 2 kg. The superphosphate, except in the sand, increased the 
percentage of seedlings with mycorrhiza visible to the bare eye from 33 to 66 percent. 
There was also better mycorrhiza production in the 4:1 and 3:2 sand-soil mixtures, than 
in the pure sand or the 3:2 mixture. When no phosphate was added, over 60 percent of the 
seedlinp were stunted and with yellowish needles, and even with the phosphate 35 percent 
of the seedlinp grown in pure sand were of this type. In the other mixtures the number 
of these stunted seedlings was neglegible. 

The seoond experiment compared the effeots of using topsoil (as above), compost, 
and oow dung in the potting mixture, at the ratio of 3 parts of sand to 2 of the other 
oonstituent, together with addition of urea at 0, 0.25, 0.5 and 0.75 kg/m3. In this 
experiment 1 kg of superphosphate per m3 of mixture was used throughout. The only 
significant effect was that the use of cow dung increased seedling mortality, and reduced 
height growth and the numbers of seedlings with mycorrhiza. Urea had negligible effects 
at all levels tried. 

Thus pines showed great benefits from phosphate, but 1 kg/m3 was sufficient. Added 
nitrogen (at least in the form of urea) had negligible effects at lower levels, and was 
harmful at higher levels. Cow dung also contained some substance injurious to pines. 

The harmful effects of urea on pines were also found in plantation experiments, 
where it greatly increased mortality. Thus a suitable mixture for pines would be sand 
and topsoil in the proportions of 4: 1 or 312, and as sand is easier to obtain than forest 
topeoil the former proportions would be preferable. One kg of superphosphate (or its 
equivalent in phosphorus) should be added per m3 of mixture, but no nitrogenous fertilizer 
is neoessary or desirable. 

SHADING AHD MYCORBHIZA INOCULA TION 

In general it has been found at Samaru that satisfaotory nursery seedlinp oan be 
raised without artificial shade, thoush some mortality of the outmost seedlings in a block 
has been oaused by insolation and heating of the black polythene bap. However an experi
ment was designed to oompare the effect of shade, and of different methods of inoculation 
wi th mycorrhizal fUngi, on ~ oooarpa seedlings in 1970. 

Shade was provided by guinea oorn (Sorpum) stallca tied in a roll, in two ~s, one 
with the stallca as olose together as possible, and the other with them separated to give 
half shade. No shade was the third treatment. Eight and a half months after prioking 
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out peroentage survival in fUll llhade wu BO, in half llhade 82, and in the open 11. The 
differenoes were not significant statistically, but the test, baaed on only four degrees of 
freedom, wu not very sensitive. Mean heipts of surviving seedlings at the same age 
were 24.1, 24.0, 16.1 cm respectively, shcwing highly signifioant effects from Shade. 

Jtyoorrhizal inoculation wu effected in the following va;ySI use of roots and soils 
from bags containing 1 year old seedlings of pine, chopped up and added to the potting 
mixture, at two months before the time the seedlings were prioked out, immediately before 
prioking out, and 45 d.qa after pricking out (three treatments); use of topsoil from a 
Pinus oariba.a plantation immediately before pricking out, and 45 d.qs after pricking out 
(two treatments); and no inoculation. Us. of the forest topsoil either before pricking out 
cr 45 ~s after, produced the best height growth, but ~corrhizal development was slightly 
better when the topsoil waa added before pricking cut. It is also much simpler to mix 
the topsoil with the potting mixture, than to apply it to individual seedlings in bags, so 
this method would be preferred on economic grounds. 

CONCLUSIONS 

It is obvious that this research has only touched on a few aspects of nursery 
production, and even in the subject most studied, potting mixtures, considerably more 
could be done, in particular to find the cheapest satisfactory potting mixture. This 
might differ at different localities. other important factors, at present little studied, 
include watering regimes; use of soil fumigants to control fungi and weeds, and herbicides 
to control the latter; and the optimum size of planting stock in relation to bag size, 
based on performance in plantations. Another aspect of nursery work needing study is how 
to organize and manage nurseries so that seedlings can be produoed as economically as 
possible. 
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TABLE 1 

GROItft[ Ii PLAlTATlOIL OF SEEDLINGS RAISED IN DIFFlimBT SIZES OF BAGS 

SpecieIJ Year Size of ba8a, em 

25 x 25 15 x 25 15 x 16 

Survival Mean Survival Mean Survival Mean 
~rcent height ~rcent height ;eercent height 

CII cm em -
Eucal1P'tua caaaldulensis 1966 94 220 96 208 91 202 

E. cualdulensis 1967 100 203 100 176 97 145 

Pinus cari baea 1971 91 42 86 39 75 30 

P. oocarpa 1971 85 47 86 49 78 42 

In the size of bags, the first figure is the length, the second the circumference 

least 
significant 
difference 

Mean 
height 

CII -
+ 10.1 

:!: 14.8 

+ 6.4 -
+ 6.7 -

... .... 
o 
I 



Sand: 
Sand: 
Sand: 
Sand: 
Sand: 
Sand: 
Sand: 
Sand: 

TABLE 2 

EFF1!CT OF PO'fWl'lllG MIITURE3 AND FERTILIZrns 01 GROWTH OF mCALYPTUS CAJW.ruLDfSIS SEEDLIIGS 

Po1tinfi Mixture Added Fertilizer 
eZseedlinfi 

Sand Nil 
Sand Urea 103 
Sand Super 2.9 
Sand Super 3.0 
Sand HF 1.3, Super 2.9 
Sand Urea 1.3, Super 2.9 
Sand Urea 1.3, Super 3.0 
Sand Urea 1.3, HF 1.3, Super 2.9 

Sand: Soil 3:2 Super 2.9 
Sand: Soil 3:2 HF 1.3, Super 2.9 
Sand: Soil 3: 2 Urea 1.3, Super 2.9 
Sand: Soil 3: 2 Urea 1.3, HF 1.3, Super 2.9 

Cowdung 3: 2 Super 2.9 
Cowdung 3:2 HF 1.3, Super 2.9 
Cowdung 3:2 Urea 1.3, Super 2.9 
Cowdung 3:2 HF 1.3, Urea 1.3, Super 2.9 
Cowdung 4:3" Nil 
Cowdung 4:3 Urea 103 
Co wdun g 4:3 Super 3.0 
Cowdung 4:3 Urea 1.3, Super 3.0 

Combined results from two experiments. 

HF.. Hoof and hornflakes 

Super.. Single superphosphate 

Nutrients ~r Elant. fi Age when 
N p measured, ~ 

0 0 96 
0.7 0 96 
0 003 90 
0 0.3 96 
0.2 0.3 90 
0.7 0.3 90 
0.7 0.3 96 
0.9 003 90 
0.7 003 90 
0.9 003 90 
1.4 0.3 90 
1.6 o.} 90 
2.1 0.4 90 
203 0.4 90 
2.8 0.4 90 
3.0 0.4 90 
4.5 0.25 96 
5.2 0.25 96 
4.5 0.55 96 
5.3 0.55 96 

.&aD heiet 
em 

5.1 
3.8 
3.2 

15.5 
1.8 
6.0 

15.0 
15.5 
10.1 
33.4 
22.4 
35.9 
31.3 
31.8 
31.0 
48.0 
23.1 
31.5 
50.3 
BO.3 

.... 

..... .... 
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Afforestation in West Africa is confronted by two important problems involving (1) the 
soil and (2) the climate. In this paper only soil will be dealt with although climate, 
which is intricately assooiated, will be mentioned as it affects the soil. 

Soil oritically affects the growth of trees, and good growth requires that the soil 
be in such condition as to favor good root development. The seven important soil factors 
that affect developnent of tree root systems are: (1) depth, (2) texture, (3) structure 
and consistency, (4) mOisture, (5) aeration, (6) soil fertility B.nd ("r) toxic substance:~. 
An ideal soil for the proper de'relopnent of roots of trees, therefore, should: 

be deep enough to serve as anchorage for the trees and allow for the 
storage of sufficient soil moisture; 

have favourable texture, struoture and consistency so that roots are able 
to absorb the needed mOisture, nutrients and air; 

have moisture in an available form throughout the year; 

be well aerated (Aeration is correlated to soil texture, structure, 
oonsistenoy and depth of water table. Proper aeration is important in 
the metabolism of the plants and also prevents the formation of toxic 
sUbstanoes in the soil.); 
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- be 1'ertile (A fertile Boil has the ability to pz-ovide the pz-oper 
oompounds in the required amount B and in the oorreot balanoe for the 
growth of plants when other environmental conditionB are favl'''.lrable); and 

low in toxic substanoes (Any layer of toxio substances will limit soil 
depth by pz-eventing the roots from developing downwards through the 
t oxic layer.). 

In the Guinea zones of West Ar.rioa~ the two pz-incipal limitations in soils affecting 
tree growth arel (1) soil depth and (2) soil drainage. In the Sudan zone, they are 
(1) availability of soil moisture and (2) soil texture. 

Soil oonditions, however, vary tremendouely from one place to another due to differ
enoes in climate and living or~nisms aoting on the different kinds of parent materials. 
Some SOils are very shallow and others are very deep; some are very compact and hard, others 
are friable; some are high in fertility, others are low; some are very wet and others are 
dry, etc. Forest trees also vary in their soil requirements. One has either to choose the 
kinds of trees to suit the soil or to a certain extent, change soil conditions to suit the 
requirements of the trees. 

The scope of this paper is to show the procedures used in determining soil conditions 
in the field that will serve as a guide in selecting sites for afforestation. 

ESSENTIAL REQUIREMENTS 

Site selection for afforestation purposes involves soil surveys, i.e. the study of 
soils in the field. Equipment both for the office and for the field is needed (see 
Appendix 1). Prior to field work, aerial photographs (stereoscopic pairs), maps and refer
enoes covering the area under study for afforestation should be obtained. If aerial photo
graphs are not available, the soil surveyor has to make the base map himself. Needless to 
say, the aerial photographs should be of very good quality. Geological, topographioal, 
physioal, climatio and vegetation maps covering the area for soil survey are important 
pre~equisites. Referenoes involving the geology, climate, geography, agrioulture and 
forestry of the area of study, or nearby areas are also needed. 

PROCEDURE OF SOIL SURVEYS 

Depending on the objectives, soil surveys oan be classified as detailed, semi-detailed 
or reconnaissance. For site selection, a semi-detailed soil survey is required; this calls 
for mapping of soil units on a selected soale from 1:20,000 to 1:50,000 (see Appendix 2). 
The Boil units used in mapping are series, types and phases. 

The field work starts by examining the soils along the roads; later traverses are made 
from several points along the roads. The characteristics of the soil profiles are studied 
in as many places as required using, as much as possible, the hydrauliC powered soil COrer 
mounted at the rear of a Land Rover truck. When the Land Rover cannot be used due to lack 
of aocessibility, the soils are examined with the use of an hand auger. Pits one metre 
square by 1.5 metX'es deep are dug for the detailed descript1.on of a representative profile 
of eaoh soil unit. One side of the pit facing the light is cleaned to show the horizons 
or layers. The boundaries of the different horizons are marked and their depths measured. 
The FAO Guidelines for Soil Profile Description (FAO, 1968) are used as the basis for 
desoribing the colour, texture, structure, consistence, pores, inclusions, presence of 
roots and reaotion of soil in each horizon of the profile. The Munsell Colour Chart is 
used to describe soil oolours in wet and dry conditions. The finger feel method is used in 
the field to determine soil texture, plasticity and stiokiness. The soil reaotion is de
termined uBing colour indicators (Chlorophenol red for SOils with reactions between pH 5.2 
and pH 6.8 and Thymol blue for soils with reaotions between pH 6.0 and pH 7.6). 
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Whenever possible, the soils below 150 cm depth are also examined with the soil auger. 
Soil samples from eaoh of the horizons studied are taken for mechanical and chemical 
analysis. Additional composite samples are also taken at random allover the area for 
fertility ~nalysis. 

The trees, shrubs and grasses growing around the area of eaoh pit described are 
identified. Likewise, other physioal characteristics of the area such as relief, slope 
of the land, class of drainage, degree of soil erosion, stoniness, depth of water table, 
land forms, and animal activities are also noted. Prepared forms (see Appendix 3) for this 
purpose are used and the items recorded on the spot. The use of such forms prevents the 
possibility of some features of the land being overlooked. 

Soils with similar characteristics in profile development and external conditions are 
classified as a soil series and are given a geographical name. Lokoja, Afaka., Okene and 
Oeara are some of the soil series described in the Guinea Zone. When the textural nlass 
of the A horizon is added to the series name, together they are called the soi] type. In 
the case of the Lokoja soil series, the texture of the A horizon is loamy sand, thus, tlle 
soil type is Lokoja loamy sand. Sometimes within an area of a soil type, minor differences 
in oharacteristics may exist which are impor~ant only in soil management. This may be a 
variation either in soil depth, erOSion, drainage, slope, or stoniness. In such a nase, a 
phase of the soil type is recognised, rather than separating such an area into another soil 
series. Thus, in the case of Lokoja loamy sand, some areas with relatively shallower soils 
than is normal for the Lokoja series, are named Lokoja loamy sand, shallow phase. 

The delineation of the boundaries of the soil series, types and phases are made 
direct lyon the aerial phot ograph using a wax coloured penci 1. The lines made by thif; 
type of pencil can be erased with a medium type eraser. If it is desired to keep th", faCfl 
of the aerial photograph clean, an overlay is placed on the aerial photograph. The overlay 
has one matte surfa.ce where the soil data can be written on with a pencil or crayon. 
Boundaries of terraces, depreSSions, ironstone hills, eroded areas, inselbergs and escarp
ments are determined from stereoscopic study. Soil boundaries can also be determined on 
the photograph from the differences in tones of the vegetation, denSity of vegetation and 
colour tones of the soils. All soil information on the aerial photographs is transferred 
to the soil base map with the use of a Grant Projector. 

The base map becomes the draft of the soil map and this is given to 1:1. draftsman to 
make into final form for reproduction. The area of each soil mapping unit is determined 
and their relative extent is computed. 

SUITABILITY CLASSES FOR TREE PLANTING 

The characteristics of each of the soil units mapped are further classified by group
ing into oapibility classes soil units with similar characteristics or suitability for 
plant growth and similar responses to treatment or soil management. There are five land 
capability classes defined for agriculture in Nigeria. These have been broadly related to 
plantabi lity or suitability classes for tree plantations as follows: 

I. Very suitable: This includes land with deep and well drained soil where roots of trees 
can grow well down through the prOfile. The supply of soil moisture is adequate for normal 
growth. There is no impediment to mechanization. Trees adapted to the area respond very 
well to ordinary soil conservation practices. 

II. Moderatell suitable: This class includes; (1) land with moderately deep soil with 
good drainage; (2) land with deep soil that is mOderately well drained; and (3) land whose 
supply of soil moisture is somewhat limited for normal growth of trees. There may be a few 
impediments to root growth in the soil profile, suoh as slight salinity, but mechanization 
is possible. Simple soil oonservation practioes are needed. 
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III. Fairly suitablea This 01a8s inolude8; (1) land with moderately deep to &hallow soil 
but well drained; (2) land with poorly drained but deep soils; and (3) land where the 
supply of soil moisture is often times a critical factor. Few speoies of trees are adapt
able to the area, and the soil may be moderately affected by salinity. Meohanization is 
somewhat restricted due to some physical obstacles. Intensive soil conservation ~actices 
are needed. 

IV. Poorly suitable: This class includes; (1) land with shallow but well drained soils; 
(42) very poorly drained but with deep soils; (3) land with extreme climatic conditions; 
() land where mechanization is very difficult due to obstructions like boulders; (5) land 
with very hard and compaoted soils; and (6) land whose soilB are very se~erely erOded. 
Soils in the ~ofile may be highly saline or alkaline, thereby adversely affeoting the 
growth of many tree species. The choice of trees for planting in this class is very limited. 

V. Not suitablea This class includes; (1) land with very shallow or skeletal SOils 
where the bedrocks are near or exposed on the surface; and (2) land with extremes of mois
ture conditions (too wet or too dry). Mechanization or planting of trees i.s not recommended. 

The suitability classes are determined from data on both the physioal and chemical 
analyses of the soil units, taking into consideration the local climate. In classifying 
soils for plantability or suitability for trees, the soil surveyor should bear in mind that 
what constitutes a very suitable soil, cognizant of climate, should favour root development. 
He must then find out what constitutes the principal limitation and the intensity of the 
limitation on the use of the land being classified and from this select its place in the 
suitability classifioation. 

Rainfall of the area should be considered when one determines effective soil depth. 
Under similar rainfall conditions, site quality generally inoreases with soil depth. A 
100 cm soil depth with 1,270 mm of rainfall may be just as good a site as another with 
deeper soil receiving less rainfall. With restricted growing season rainfall (1,000 mm), 
a suitable soil depth is over 2 metres (Samie, 1973). 

Plinthite, which is a very common characteristic of savanna soils, is often a limiting 
factor in soil depth, but the roots of some species of trees like Eucalyptus p!opinqua can 
penetrate 120 cm of dense plinthite. On the other hand, roots of Isoberlinia doka bend 
horizontally upon encountering the plinthite layer. Effective soil depth also--viries 
depending upon soil textures, kind of clay mineral in the profile and the bulk density of 
the plinthite layer. An average bulk density of savanna soils is (surface soil) 1.55 glee; 
those with 2.05 glcc are impenetrable by roots of most species (::lamie, 1973). 

Soil fertility is another factor in site quality. Based on the results of chemical 
analYSiS, roots of endemic trees concentrate their growth in the upper part of the solum 
where soil fertility is much higher than the C horizon. This is generally true where the 
texture of the C horizon is coarse sand, as found in the Ejidogari Forest Reserve, Nigeria. 

Soil drainage is another limiting factor in tree growth. Preliminary studies on a 
soil catena at the Afaka Forest Reser-,e planted to Pinus caribaea, Bhowed it to be ~ogres
sively affected as drainage became poorer. However:-r;-the case of Eucalyptus citriodora, 
!. saligna and !. teretioornis, these trees do not seem to be affected by seasonal drainage 
impediment B. 

Eroded soils iron stone outcrops and soil depth (effective depth) directly affect 
tree growth. A~in, the ~eliminary studies made in the 1971 pilot plantation at the Afaka 
Forest Reserve on a 4-year old!. camaldulensis showed an average height of 9.8 metres on 
the non-eroded soil and an average height of 6.5 metres on the eroded parts of the plot. 
Similarly, in the o~se of E. grandis, the presence of ironstones affected their height 
growth by 2 metres over those where ironstones were not ~esent. 
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Alao in a soil oatena at the Afaka Foren Reserve, growth of !. saligna. during the 
first year was adversely affeoted by difference in soil depth (thickness of soil horizons). 
However, it appears that after subsequent years (3rd year) growth differenoe became gradu
ally less significant. In this case, effeotive depth is more important than soil horizon 
depths &s a site quality factor. 

FAO 
1968 
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OFFICE AND FIELD EQUIPMENT FOR SOIL SURVEYS 
Appendix 

Office Equipment 

1. Stereoscope. This can be either the scanning or the mirror type but large enough to 
examine the full view of a 23 x 23 cm aerial photograph. This machine is essential in 
studying the physical features of the aerial photograph as it will reveal the landsoape 
in its tri-dimensional features. 

2. Pant ograph (mechanical). Used for enlarging or reducing maps. 

3. Projector. Similar in use to the pantograph above, this is used generally for en
larging the features from aerial photographs to the scale of the desired map. This equip
ment, however, produces some distortion in the size of image, being a natural physical 
characteristic of the lenses. This distortion oan be corrected by proper manipulation of 
the machine. 

4. Planimeter. An instrument used to determine areas on maps. It registers the number 
of square units (usually square centimetres), so that by correlation with the scale of the 
map, the area of any soil unit can be determined. 

Fi e Id Equi pment 

1. Soil auger. This is used to examine soils below the surface of the ground. It is 
usually provided with extensions and is able to dig down to 3 metres. There are various 
types to suit different soil conditions. 

2. Spade. To dig soil prOfile pit or to get Boil samples. 

3. Bronton compass with attached clinometer. The former to determine directions and the 
latter slope of the land. 

4. Munsell Colour Chart with supplements for use in the tropics. 

5. Geological hammer, with one prong chisel-shaped. Used to break rocks for examination, 
to break hard pans or for sampling small lumps of soi 1. 

6. Soil testing kit for pH. The reactions of most soils in West Afrioa range from pH 3.5 
to pH 8.5. pH 5.0 to pH 6.5 being the most common. 

(. Trowel. This will be used to sample SOils, especially in the profile. 

8. Broad blade knife. To examine and mark on faces of soil profiles. 

9. A 3-metre steel tape measure. Tv measure depth of horizons. 

10. Plastic bottle with spout. To moisten soill:l with water for examination with fingers. 

11. Hydraulic-powered soil coring machine. 
can save much of the surveyor's energy. It 
as there are extension rods. It can thrust 
an undisturbed soil profile sample. 

(Optional). This is a versatile machine which 
can bore holes with a~rs to any depth as long 
a steel coring tube through soft soil to get 

12. Vehicle. For movement of personnel and to carry equipment, supplies and soil samplee. 
A four-wheel-drive vehiole is preferable. If there is a hydraulic powered coring machine 
this has to be mounted on a piok-up truck. This vehicle should also be of four-wheel 
dri ve and pr ovided wit h power take-off. 

13. Soil sample bags, either oloth or plastic. 



1: 

1: 

1: 

1: 

1: 

1: 

Comparison of Sampling Density, Rate of Progress and Scale of Systematic Soil Survey 

(with some use of air-photo interpretation) 

Area Density Jj 
Scale Kinds of Survey Represented Samplin 1 

2 
2by (0.5 samples/em 

(1em of map) of map) 

5. 000 Very detailed 0.25 ha 1/0.5 ha 

10,000 Very detailed 1.25 ba 1/2 ha 

20.000 Detailed 4.0 ha 1/8 ha 

25. 000 Detailed 6.25 ha 1/12.5 ha 

50,000 Semi-detailed 25·0 ha 1/50 ha 

100.000 Reconnaissance 1 km2 1/2 km2 

1. Figures represent an average of sampling density over the entire area of the map; 
(acceptable sampling density usually ranges between 0.25 and 1.0 samples/cm2 of 
map on this basis.) 

Approx. Averagey 
nate of Progress 
J~_ 20 day_ monthl 

500 ba 

800 ba 

1,250 ha 

',500 ba 

75 kIl 
2ookm2 

2. Figures given represent approximat e averages from the wide range of progress rat es 
experienced in actual surveys. 

.... .... 
01 

I 
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Appendix 3 

Unit Prof'ile No. Date 

Classification 

Looation 

Vegetation 

Elevation I Rainfall 

Physiography 

Slop~ and Aspect Relief 

~raina.Re Permeabi lity 

MOisture Or. Water 

Root Distribution 

Remarks 

Hori- Depth Colour Texture 
Struc- Consis-

Pores 
Inclu-

pH 
Bound-

lion ture tence sions ary 

. 
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~.GJ.,~G AND SITE PREPARATION 

D.E. Greenwood 
Diviaion of FOreat Research 

Kitwe, Zambia 

The objectives of ground preparation in aavanna oonditions are aummarised in 
Chapter 9 of Laurie (1974). The ohoice of methode by whioh to aohieve them will depend 
on local conditions and on the resulta of local research and user triala. 

The factors to be oonsidered in chooaing between hand and mechanical methods are 
also stated in Laurie but an additional faotor which has arisen fairly reoently is the 
rapid riae in the price of fuels and oils - a riae whioh aeems likely to oontinue. This 
seriously affects the relative ooat of mechanioal operations, not only directly, by 
increasing the oost of oarrying out the operations but alao indirectly, by increasing the 
cost of the machines themselves, their spares and their transportation. In aome countriea 
the oost of labour is alao rising, but usually not nearly enough to maintain the relative 
oosts of hand and mechanical operationa. 

Where the supply of labour is inadequate, or the time available is too short, for 
hand methode to be praotioable, there appears to be little alternative to mechanical 
methode of clearing. In view of the already enormous and still rising costs, however, 
further thought neede to be given to the aituation. Several app1'O&ches are possible. 

(a) Reooup some of the costa of the clearing by making another use of the land before 
raiaing trees on it. 

(i) 

(ii) 

(iii) 

utilise the standing timber before clearing takes place or after knoc~ 
down e.g. produoing veneera from aelected stems, chipping or pulping, 
producing charooal effioiently on a large soale in kilns (these processes 
also affect the clearing coata, mostly favourably), 

hire the land out to a oOllDllercial farmer for the produotion of agricul
tural crope for one or two years (strict contract oonditions necessary); 

produce agrioul tural crops on the land using paid forestry labour. 

The practioal, teohnical and economic aspects of these schemes need oareful 
study, field trials, and in some cases researoh, are essential. 

(b) Devise cheaper methode of doing the present jobs 

(i) Use liFter maohinerz 

Whether this is practioable or not depends very muoh on the density of 
the bush and the averap size of trees to be deal t with. If the bush ia 
lisht enouah then lishter machinery can be used. Not only is this 
cheaper to operate on the clearing prooess itself but suoh maohinery oan 
be economioally u.ed on other forestry jobs during the remainder of the 
year, thus reduoing the oapital oosts to be oharged to the land-olearinc. 
!'he Bimbia projeot desoribed by Laurie (1974) has shown that the job oan 

.. _A _ ....... " _AI ft'I'\A .... +.ft ....... 7' •••• .,,-tial. 
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It cannot be too atrongly empha8iaed, however, that .ere the tree oover 
18 heav,-, oalling for machinea auch .. Caterpillar ~ 7 'a and ~ 'a, then 
it ia no econ0S! to try to "make do" with lighter machinery. At beat, 
you will end up with greater expenae owing to dellQ'll and brealcagea, at 
worat, you ~ find yourself with broken machinery and the job unfiniahed. 

(ii) Use new tnea of machinery 

Machinea auoh .. the lQrdra,-atumper and Tree Ertractor, .ich are mounted 
on wheeled traotora and are said to be able to pull up the whole tree by 
the roota, have reoently been publioiaed and demonstrated. Th. publiahed 
reaults of the demonstrations have been difficult to .. aeaa owing to laok 
of data about the treea conoerned and the time taken. The only demonstr ... 
tion in Zambia so far oonvinoed the audience that the machine was not 
likely to be of intereat to the Industrial Plantations Project. It was 
too slow and did not appear able to oope with treea of the aize we are 
usually dealing with. It might be of use to have around, however, for 
cleaning up operations and might even have a use in small-soale clearing 
operations in areas of light woodland. 

(c) Eliminate parts of the present job. 

(i) 

(11) 

(iii) 

The windrowing could be eliminated to a large extent if more charcoal 
were made or if the wood could be ohipped (as alreaq mentioned thia could 
also bring in revenue to help pay for the knock.-down). To do the job 
within the aeason, however, oharcoal would have to be made in kilns. 

Alternatively, the knooked-down timber, inatead of being windrowed oould 
be left in situ and burned in the late dry seaeon. Two suoh burna would 
b. neceaaary, however, and there might still be a diffioulty in getting 
the larger 10gB to burn. On DIIIllY soila a heavy growth of Ilyparrhenia 
and Loudetia species can alao ariae. 

Omi t the ploU8hing, research in Zambia baa shown that this ploughing 
is not atrictly neoeaaary. Bowever, the maintenance of the crop in a 
clean-weeded oondition during the first year is neoeasary, and if the 
land has not been ploughed the first-year weeding will be much more 
expensive. So th.se oosts have to be balanced against eaoh other, not 
forgetting the possible aaving in capital investment in heavy ploughs. 

(d) Re-examine the need for the present complete clearing of the land. 

(i) Methods of ground preparation which were written off as failures in the 
early ~ of exotic plantation ailvioulture might now be modified to 
produce a viable plantation. New factors favouring this include the 
ability to produce high quality nursery stock, the development of chemioal 
methods of bush killing and weeding, and the developnent of stump-jump 
ploughs and harrowa. 

(i1) Reaearoh in several direotions is in progress or planned in Zambia, but 
the applioability of results elaewhere can only be determined by looal 
trials and oostinsa. SucoeaafUl establishment is not the only oonsi
deration - the overall effeot on growth ratea will influenoe the final 
oost of the plantation. 'lbe aaving on land clearing has to be balanoed 
against a posaibly longer rotation and other incidental oosts. 
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The es.entials of the varioua methods of olearing by hand and by machine are 
described b,r,Laurie (1974) and do not need to be repeated here. If hand methods are 
uaed, then gettin. the job done is a straightforward matter of organisation and administra
tion. If mechanioal methods are to be used, then the situation is more complioated (quite 
apart from the oonsiderations discuased above, decisions on whioh have to await the results 
of field trials and research). This is particularly the case where the woodland is heavy 
and demands the use of heavy machinery whioh is expensive enough when in use but most 
uneconomio if lying idle a large part of the year. 

Zambia's Industrial Plantations Project haa been lucky in the past in having in the 
country a contractor with the necessary heavy equipment and wit-h a lot of experience. This 
is now changing in Zambia and ~ never be the case in other countries. In such cases then, 
several courses of action ~ be possible. 

(a) 

(c) 

join forces with another government agency which already does land-clearing 
for agrioulture and/or road making. The addition of a forestry contract 
could help to make their operations profitable. 

enoourage private enterprise with some sort of initial loan or subsidy to set 
up a land clearing uni t, the government support involving some form of contractual 
obligation to undertake government's clearing programme. The promotion of one 
large oompany on which government then becomes dependent has many drawbacks. It 
~ be better to support several smaller enterprises which could each do part of 
the work. This has many advantages but is only practicable if the total land
clearing work required is large. 

aoquire a land-clearing unit for the plantation project. This is not likely 
to be undertaken since to make it viable, it m~ be necessary to hire out the 
unit for other land-clearing or road-making projects. 

Whatever methods of land-clearing ~ be chosen from these currently known to be 
effective, the operation will take a fairly high proportion of the costs of plantation 
establishment in savanna areas. Nevertheless, the growth rates attainable are such 
that in oountries where the demand for timber is high, local supplies inadequate and 
imports increaaingly expensive, plantation-grown timbers will still be able to compete 
in the market at a prioe which gives a reaaonable rate of return on the investment. 
Furthermore, preliminary results in Zambia at least show that it may yet be poseible to 
deviee other methods of clearing which will reduce the overall oost. 

Laurie, M.V. 
1914 

Tree planting practioes in African savannas. FAO Forestry 
Development Paper No. 19. Rome, FAO. 
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DEli'IIITIOllS 

In relation to land. cleariug operation. the followiug term. and abbreviatiou are 
u.d in the t.xt z 

(i) 

(11) 

(11i) 

"Operatiug ti .. e" (O.T.) for a tractor UBi t operation ia the total working 
time in .. inute. per .peoifio area or unit, and 18 calculated by addiug 
workiug, .. inor .top and turniug tiDIe •• 

"Bual area" (B.A.) of a tree i. the area of the cro ••• ection of the at ... 
at breut height (b.h.), or at 127 aD (4 tt 3 in) above ground. level. 
The baaal area of a orop or veptation type i8 the RIll of the oro ••• eotional 
are .. of it. oouti tuent tree. and i. often expre •• ed all the total ballal 
area per unit laD4 &rea (e.g •• quare .. etre. per hectare, .. 2/ha). 

In relation to oo.tinga, deoimal currenoy b .. ed on the lfigeria lfaira (.) 
... introduced w. e. f. 1 J 8IIU&l'Y 1973 and. iB uaed in the text. Rate of 
e:z:ohanp .. at 1 Ootober 1975 ... , 

.1 (lfaira) - US '1.626 

.0.615 - US '1.00 

mTRODUCTIOli 

Lua4 cleariug in the .avuma region require. the removal of the natural woo~ veseta
tion cover for a ap.oific purpo.e. A. the removal of woo~ veptation couti tute. a .. ajor 
ecologioal chap, it i. e •• ential to caretully aurvey and plan the uae of any .i te, .0 
that OIaq tho .. are .. whioh will be adequately developed wi thin a re .. onable time are 
cl.ared. Land. liable to .rode .hould be neith.r oleared nor cultivated without planniug 
__ quat ••• uure. to prevent .oil 4aIIlage. In fore.try, the .. ain reallon for land oleariug 
i. to raDOTe woody .. terial whioh would ob.truot or hiDder .ite preparation cultivation. 
lC:z:oept for a f.w _all and .pecial .i te., auooe •• tul e.tabU.hIIlent of fore.try plantatiou 
in the aavuma region require. olean weediug (FAO, 1974; Iy.abo and Ojo, 1971). Ilain
t&iniac clean w •• 41ng regilDe., e:z:oept on a .. inor .oale or where taungya i. poa.ible, 
nec ••• itat •• a high input of ... oh&1li.cal cultivation. For efficient .. echani.ed weeding, land 
ahould be tree of all aurtaoe woody vegetation and of all root. and. .tump. to the aaarlmum 
upth of pen.tration of the weediug iDlpl.ent.. To achieve thiB riate require. the .tumpiug 
of all nua41ng tre •• u4 the di.po.al of all .tUllp., root. and. oth.r woo~ debr18 fran the 
aite. 

Por geaerally .. ll __ cale plantation development, land. cleariug uairag labour and hand 
too18 iB the olu.t u4 .. oat ccmaon •• thod in lfigeria. IDi tial .tudie. of land. clearing 
con. for a ruap of ai t •• indioated that they were .000e 30 to 7f11. of total e.tabU.hIIlent 
oon, which repre.ent. a .ajor initial ill'Ye.tlllent. An early .. eclumiaed kDookdo1lJl trial 
uiq crawler tractors and. an mchor chain Wall completed at Afaka in the northern Guinea 
.... in Deoea'ber 1965. '!'he trial, which took plaoe aOil. two 1I000tha att.r the eDd of the 
ra1u, .bowed up _. of the iDi tial probl .... of tractor operation bu.t iD4i.oated that 
ob.1niDc'" po •• ibl. and. that :turlher ill'Ye.tigation .hould be couiured. Purther .. echani
.... ol.aring u4 preparatiora .on w .. recorded by Barret (1968 and. 1970) at lfiDIbia in 1968, 
where enn with a hish level of •• chaDiaation, lud preparation co.t. oompri •• d 5f11. of 
.nabUabaaent oo.t.. Be alllO not.d that there Wall U ttl. diU.renoe between hUI4 or 
•• obaai •• d cl.aring co.t. at tbat tiJa.. Since tbat eurci •• , however, labour co.t. have 
ri.-. 3~ ad. tractor operat1Jag con. 40.' to 1~, a truad. that Barret foreout although 
it iB ualib17 h. urUcipat.d the actual pace of inore.... Land. cl.aring i. not tittioult, 
pna .... qu.t. laDour or BUi table tractor power, bu.t the &rea requiring .lucidation relat •• 
t. tbat •• t~ or oo.'biDation of aethe48, whioh will give the be.t reault. un4er specifi.d 
0CtIIII.1 tiaa.. 
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LDJ) CLJ:lRDQ .oJ) PRlIPAltA.'l'IOI' OPlCRl'l'IOIS 

LaD4 preparatioa tor platatiOlU in tho broad. •• na. oonai .. t. ot the tollowiag main 
operatiou (Allaa aza4 Aba4a. 1974; Cat.rpillar Tractor Co., 1970a) 1 

i) S'hIapinc or •• 0ha18od kDoolalolGl 
11) WillArowinc or haD4 piling 
iii) Cl.aaLDg up 
iT) Burning 
IT) La,ying out 
~Ti) Preplatinc oultiTation. 

Suoh actiTitio. a. cl.aning uP. bunling and l~ng out haTe not .. y.t been .tudi.d 
in 4otail. '!'h.r. i •• hO".Ter. a oODlliderable rIDge ot teohnique. tor oarrying out tho oth.r 
operationa enum.rat.d. Th. tollowine are the main m.tho~ .tudi.d tor plantation deTelop
m.nt in I'i.-ria. 

Stumping i. mainly by ouual labour; the main too18 are the native hoe and aDI. Th. 
operation i11'Y01Te •• xoavation, outting ot root. and telling ot the main tre... X.ohani •• d 
Docxdc»1m III1\Y be by .ingl. tractor or by a chaining unit. In the .ingl. tractor t.ohnique 
a orawl.r tractor u ••• a bulldoll8r blade to pu.ah OTer .tanding tre... Th.re i. li ttl. or 
no diggiag ot .oil. Th. m.thod 18 adequate btlt oapable ot improvement. Chaining .mploya 
two or thr •• h.avy orurl.r traotortl with tront mount.d blade. or rake. and a h.avy anohor 
ohain rear-hi toh.d b.t"..n two ot the traotortl. Th. ohaining tractor. advano. in parall.l 
15 to 25 m apart depending on the 40nai ty ot the btl.h. 11114 tho trai l.d ohain pull. down a 
Rath. ot tre •• behind the traotortl. In h.avy bu.h the third. or back-up. tractor. equipped 
with a tr ••• tinger. IlUpport. the torward tractor. by putlhing over 8ZJY large tree. whioh 
hold up the ohain. In .tticient op.rationa the impact ot the ohain .xtract. a high pro
portion ot the main and lat.ral root •• 

It tho .tump.d or knookod down tre •• ollllDot b •• old .. tirewood or proo •••• d .. ohar
ooal. th.n it i. n.o ••• ary to windrow or pile thi. woo~ debri. on .ite tor bunling. Wind
rowing ot tho 4obri. into lin.ar h.ap •• oommonly 40 to 50 m apart. i. ulNally don. by orurl.r 
tractortl .quipped with tront .nd rake.. In undulating t.rrain tho windrovo are utIUally 
.i t.d roUBhly on the oontour. Bm4 piling n.o ••• i tat •• outting the debri. into manageable 
bill.t. and packing th ••• into tight pil •• or h.ap. tor bunling. 

Cl.aning up can b. detin.d .. an operation tollowing windrowing or bunling in whioh 
any .tump •• root. or oth.r woo~ debri. whioh remain in or on the .oil. are gl.an.d trom 
tho ar.a and added to tho windrovo or are heaped •• parately. Burning ot the debri. i. a 
.traisbttorward aotiTity requiring only ooDlli4eration ot timing r.lativ. to .e .. on and tim. 
ot d.a.Y. 

Th. operation ot lIUr'1'Oying. p.gging and b.aooning the plantation 1ll\Yout inoluding 
roa4ll. ride. and oompartm.ntation i. de.ignated lqing-out. 

Pre-plating oultivation oODlli.t. ot two main activitie.: pion •• r plousbing and 
harrowing. Plouching tollowing olearing i. 4eBignat.d a pioneer operation b.om •• it 
iI1'Y01"... breaJd.nc-in 111114 tor the tirBt tim.. Such newly cl.ar.d, .ite. are much bar.her 
and aore difficult to cultivat. thu1 4oTeloped agricultural land. A plousbing depth ot 
23 QIII i. probably juat adequat •• but a 40pth ot 30 em or more i. pret.rable. H.avy duty 
harrow ploUib. and ooDVentional mount.d di.c plough. allow .ati.tactory ploughing cultiva
tion. '!'h. obj.ct ot pre-planting barrowing i. to oreat. a tavourable .uvi.roraent tor 
plating, whioh it .hould iaD.diat.ly preo.de. Suoh harrowing oreat •• a tilth whioh 
taoili tat •• planting an4 t0nd.8 to 1.".1 tho land. By ol.aring the area ot all "..~ and 
"..-tation th.re i. lNat.r latitude in plazming .u~.quont "..diD8 and the number ot tirBt 
.... on "..tizapllhould be rehood. '!'hi. cultivation require. only 15 em penetration and tho 
operatiOJl 0& be .et.ctively .xoout.d by a ranp ot h.aTY and light harrowB. Tim.lin ... 18 
ott .. ot great.r GOa.queno. thu1 .coDOlllio .ffioi.ncy in th ••• cultivatioa. 
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l!1IVIROlIIO'Jl'TAL PAC'l'ORS I CLIJlATE.DD VEGE'l'ATIOB 

'rh.re are ID~ Tariabl •• vh10h ~.ot 1_4 ol.aring an4 preparation inveriip.tion. 
ua4 without mma.roua replioatiou it 18 ditticult to lIl.uure the etr.ct ot, or allow tor, 
noh tact ore .... oil, topogr&p~, labour or operator .ttici.noy. Th. two main .nviron
m.lltal T&riabl .. to vh10h work mU8t be relate4 are olilllat. aDd veptation (All8Z1 and Alarada., 
1914&). 

Climat. att.ot. lllaa;y tac.t. ot lud preparation. Dry ..... on m.ch8Z1i.ed knockdown 
t... to rellUl t in DUII.roU. aboTe-ground tre. breakapa aDd th. IlUb.equ.nt removal ot broken 
at_p. oan be an e:r:peuive operatioll. All inve.tigatioll in northern Guin.a .av&DIla to re
lat. tree brealtap. to railltall, indioat.d that atter .000e 100 DUD ot rain had tallen at th. 
begiJm11lC ot the raiu, brealtap. 0 ..... 4 to be .i&Ditio8Z1t. At th •• nd ot th. raina atter 
the l ... t .ipitioUlt reoor4ed. rain, there remaina .om. twenty ~a when eUeoti v. knookdcnm 
tree ot brealr:a&e. i. po •• i bl.. Han4 rilmlping output. al.o tend to be greater duriD« the 
raiu wh.n .xoavation i ..... i.r in moiri .oil.; thi. tactor al.o h ... a aiSDitic8Ilt ett.ot 
Oil .... quat. ploupillC ad. pen.tration. Railltall and. t_perature artect the timiD« ot wind
row burDillC. Climat. i. ori tioal to the whole land. olearing an4 preparation cycle, aDd the 
tollowiDC i. an outline ot the .equeno. ot opera1:iou, "'8lDIling that land cleare4 4uring 
one ".t ....... will be plant.d up at the begiDninc ot th. url. 

Start ot raiu att.r 
100 _ recorcle4 

20 ~ att.r .Dd. ot 
railla 

l!:D4 ot 4:q ..... oa 

Jeg.l.IlIliDC ot raiu 

Start ot rai_ att.r 
100 _ reoorcled 

Op.ration R.levant month at 
Atata Foreat R ••• rve 

Ca..no. knoolalown or .tumping. early June 
WiJldrowiD&, oleaing-up and 
plOU&hinc b.tw.8l'1 windron III..,. al.o 
begin 4uri.:ag thi. period. 

Stop knockdown. Complete windrowing. mi4 Bov_b.r 
C lean up betwe.n windron. 

Burn ott willdron. Karoh 

C.plete ploughing. Harrow betore 
plUlting. 

Cazeao. plantinc. CClllllDeno. Jaaook
down and plOughing tor tollowiD« 
y.ar I. planting &rea. 

April/Ka;y 

.arly June 

!'h. t'il'8t oo118ll indioat •• the timing ot operatiou relative to railltall tor 8ZIY part 
ot th. npri&ll .avaan& and. the third oollBD .1aply oonverh thi. data to cal.Ddar montha, 
a thi. iIl8tUloe, tor.A.t'aka i'ore.t R ••• rve, but .iIIlilar oOJlVereion. oould b. made tor aD,T 
other riatioll with .... quat. railltal1 reoorct.. 

III the 8&vaana, cleuity ot woo4;r ve.-tati .. i. Tariab1. DOt only betweeJl olimatio 
..... 'bat ...... within a sou or .oolog.l.ca1 type. '!'h. cleIl8ity or wlUII., ino1u4iq th. maill 
:root Q'ft_ ot ..... tatioll, 18 the tutor oritioal to 1_ ol.ariD« produotiT1ty. Output • 
• %pre ........ tl8. per lDlit area (aina.t •• /h.otare) 40 not give llUttioi.llt iD41oation ot true 
pertOI'lUllOO 1IIll ••• the veptatioa in th. area 18 aarke4ly lDlitom in deui ty. Aocurate 
clet.:raiDaticm ot vo1.e i. dittioult ad. tim. OOJmlaing. IllTeriip.tiOlUl, howe ... r, han 
.hovn bual area (B.A., n:pr .... 4 ill .2) to be a uaeta.l, ad. relatively • ...,. to detemill., 
uai t tor a.&ft1'i.ac proIiuoth'i. ty or ocapariJag .ttioi .. oy betwe •• 41tt.rellt type. a.4 deui ti •• 
ot 1Nah o..-r. All laa4 ol.arillc reoorcl8 are built up ad. &1 ... 11 bua1 area per h.otare, 
... ~ tre. h.ilbt ..t type ot ..... tation tor a ,artioular area, it 8hou14 b. po.aib1. to 
Ii'" .... tiJl&Ucm ot the rate .t prHu.oUT1 ty tor a particular ol.ariDC teoblrlque. 
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"ellewiac .tul.ie. o~ paat reoor48 u4 ourreat .ethoU e~ lllD4 olear1.q aDd. prepara
ti .. up ",0 1'11, a ft.equat .erie. e~ trial. IID4 illft.tiptie .. vall .et up to cletenaiM 
the relati .... eUioie.o;,- o~ a rllDP o~ .ethou. 'rhe.e triala ocnered mookd.o1m, .t .. piD&, 
wia41'cndnc, pi ... er plOUChinc ad. pre~l .. tiD« hal'rowiq. 

'!l'o cletenaiae the o_p&l'&ti .... eooDCllllio. o~ the variou. methou inve.tipted, oo.t. 
have beea applied. 'rhe bUi. o~ ooatiq 18 iJl4ioated in .lppeD41.x A ad in greater detail 
ia .111-. IIJl4 JaolaIOD (1972), Allan (1973a IID4 1973b) and PAO (1965). The ooat. are valid 
~or ~p&l'i ... , but where more rele'VaZ1t 4&ta i. aVailable, auoh ~ipre •• ...,. be ~ed iato 
O8.t oalculati ... to ... the reault more .eaniDdul to looal ooadi tio... The oo.t. are 
baaed .. reuoaabl;r eUioiat ~l'DIIlat operation oo.t. excluding ~ent ovarhea4a 
or equ1.paeat 1II000000ent ohar ... ; to uae the data ~or OCIIIIIIleroial type operationa, eatimate. 
~or inauranoe, lioe.inc and. pro~i t lIlargiu would need to be a44ed. The ~act that all 'oo.t. 
are hi.torio i. particularly evi4ent ia the pre.ent i~l.tioDarY era. To reDder the 
eval.uati... o_parable and. up to 4&te, all oo.ta in the tert have been recalculated on the 
ba.i. o~ 1975 labour rate. and IIl&Ohine oo.t. in JUs-ria. In relation to tractora, thi. oo.t 
ooaoept 40 .... t allow ~or the ~act that 1975 equipment tenda to be 1II0re powerful with 
creater produotion potential thall put 1II0dela. Labour oontract rate. have been doubled on 
the bui. o~ the 1~ ri.e in direot labour rate. but thi. Ill...,. not prove to be the oue in 
practioe. The lllaia objeot o~ the.e oo.t evaluaticma i. to indioate mllllag.lllent option. and 
provi4e a reucmable bue ~or plemaing and. budgeting. 

hook4own and StUlllpinc 

.1 nuaber o~ knook4o~ .. d .tumping i~.tigation. were .et ups 

(.) In the northern Guine. zone 

(i) 

(ii) 

(iii) 

'1'0 evaluate hand .tumping and .incle tractor mockdown 
(Ulan IID4 Jackaon, 1972; All .. and Akwada, 1973); 

"0 ",al'\l&te ohaining and .ingle tractor moolalown (.111 .. , 1973&; 
.lllan anel Alata4a, 1974&; Savanna Por .. try Re.earoh Station, DO date); 

"0 evaluate a range o~ equipment ~or lIleohani.ed mockdown (Allan 
and. JaoDon, 1972; All .. , 1973.; Allan and Alcwa.d&, 1974& and 1974b) and 

(b) In the .outhern Guinea zone 

(i) To evaluate ohaining aDd contract hand clearing in heavier bu.h 
oon4iti0D8 (Allan aDd Alcwada, 1974b). 

Table 1 .e~. out oo.t. u4 operating tilDe. (0.'1'.) per heotare and per IIqu&re lIIetre 
o~ baaal area (Ill B..J..) ~or a .eleoted ranp o~ triala. 

In obainiq, trial 1 at a unit oo.t o~ .. 0.47/1112 repre.ent. a high level o~ eUioienoy, 
whereu trial 2 with 1UI.8ki.lled operatora and le ••• erTioeable tr.otora gave poorer effioienoy • 
.1 reaaon&ble oo.t e~~icienoy would be in the order o~ "0.62/1112 • Trial 3 attempted to lower 
power rap aDd. ooat by u.iDg lisb-ter tractora. Exoe •• i vely wet' ooD4i tiona at the time o~ 
thi. trial oalded ~letation ad traction di~~ioultie., which a4veraely af'~eoted the reaulta. 
The trial .bowed that a lighter chaining UDi t oould olear the buah but that there ... no 
_v1Jag in ooats the trial require. repeating uncler 1Il0re ~avourable olimatic ooadition •• 
Trial 4 took place ia heavier .outhern Guinea ...... t.tion with average baaal area 27~ greater 
ad averap trae heisb-t 5or.' 1II0re thall that o~ the ~ir.t trial i! northern Guinea vegetation. 
'!'he trial .... ot .edi_ e~oieaoy aDd the unit oo.t o~ :10.99/18 oOlllpare. with the averap 
.~ that .~ the ~irat two trial. i~ a ~actor o~ 1.5 i. applied to allow ~or the greater 
vol,.e o~ lIOoq clebri.. .111 o~ the.e relllllta OOlllpare ~avourably with

2
the introductory 1965 

trial, where the eatimated unit oollt would be in the or4er ot "3.30/18 • 
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Siyl. Traolor ~okdD1al 

'!'he .iacle traator kDoo1r:d.cnm trial. 5, 6 aDd 7 ga'ge oCllllpar.ble re!IUl t. with Tari.tiou 
mainly .ttribut.ble to tinerenoe. in oper.tor .t'f'1oienoy; an antioip.ted .ftrace oo.t 
enioieno1' would be .1.50. Trial 8 -aiac • larpr tractor reduoed con effioienoy by 2~, 
ind1o.tiac that by the nature of the oper.tion the a441 tional power could only at'feot con 
enioieno1' .TeN.ly. Barrat'. 1968 trial. ga'ge figure. of .26 to .101/h. but are not 
directly oCllllpar.ble .. deuit1' of Tept.tion ... not oalcul.t.d. '!'h. pneral quality of 
.tuaap ertraotion ... high. 

Hand Stwapiy 

2'l'r1al 9 .bowed that hand. st,.piac in northern Guin •• ftpt.tion required 7.7 man-cla;r. 
per m or 65 maD-cla;r8 per heotare with en .T8race baaal are. of 8.55 m2/h.. The work ... 
hard and. the l1JUIId.lled labour fDUDd it ard.UOUIi and. tiriac. '!'he tool. U8.d were ad.equate to 
the llkil~ of the operatoN but by no m.Ul8 ideal for the job. '!'he unit con enioienoy of 
.14.66/. oould be ocmaidered .T8r.... Trial 10 with a con .ffioi.ncy of .22.86/m2 in 
.0u1;h.rn Guine. ftpt.tion, i. oCllllpar.bl. with the preTi0U8 tri.l if the factor of 1.5 i. 
apin applied. 

When oCllllpar1Dg the meohllDi.ed teohnique. with hand. stumpiac in the northern Guine. 
zone, it i. obviou. that chaining i. the 1I0.t .nioient, the unit oo.t beiac 4.2% that of 
bend l.bour and. .ill&le tractor knockdown 10.2% of hand. l.bour. S1IIilarly, in the .outhe:m 
Guine., ohaiDiDg oo.t. are ODly .CIIIIe 4.3~ of hand .t'Ulllping oo.t.. l!.l%pre •• ed .. are. per 
unit oo.t, the ... e data indio.te. that for the oo.t of olearing 1 ha by haDd, 10 h. mq be 
oleared by .iacle tractor or 27 ha by ohaiDiDg in light •• TUma; the r.tio 18 1: 23 h. in 
.outhe:m •• TUm&. It .hould al80 be DOted 1;hat .ecbani.ed operatiou tend to ertract • 
gre.ter 'VOlume of root ad the pneral quality of .'t'Ulllping i. gre.ter than hand. oper.tiou. 

The.e figure. indio.te the oon .niai.noy of option. open to manasement and for • 
particular projeot .hould be rel.ted to .oale aDd time line •• of oper.tion. To ju.tif;y the 
.etting up of • ohaiDiq unit, there would haft to be • larp .cale olearing progr_e for 
• DUIIlber of yean. Enn Tery large progr_e. oen be dolle by hand. l.bour, but (1) the 
l.bour aDd IlUper",18iOD muri be .Ta1lable when required and (2) the .ooial benefit of pro
Tiding _pl01laent baa to be weiped aca1Bn the oo.t be.efi t of -aing .ore .ooDCllllio al te:ma
ti.".... Por -.ll.r .oale prosr-e., when the co.t. of IDoT1.ng equipne.t are oon.idered, 
the~ are OOO&lli0D8 when had or .1D&le traotor ol.ariac aq prow the le •• expen.i ft 
alt.ma1;i.".. •• 

'.l'1aely ocapletiOD of olearing i. iaportaDt .. it aft.ot • .uoh .ub.equnt oper.ti0D8 
.. ViJI4row1q, plOUCbiac and. plantiq. It baa be.n ob.emd th.t plaDting .. early .. 
po •• i bl. in the raiD8 imprcrn. and. e::qHKti te ••• t.bli.ment. 'l'1Ileline.. in olearing depend8 
OIl the rat. of produotiT1t1', whioh 18 1t •• lf 4epen4ent on ..... llable working t'im. aDd the 
re.ouroe. whioh OaD be .ppli.d to the work. Por ex.aple, frCIIII !f.bl. 1 the following produo
tiTi1;1' rate. proTide. -..18 for detera11liBc optiou on how work aipt be oCllllpl.t.d rel.tift 
1;0 1;im. ad rellOUroe •• 

lJl aD .."..rqoe 6.5 hour workiDg cb;r in nerthera. Gu1ae. &aTaDDa 

(i) 65 laboureN otIIl n,..p 1 hal II'r 

(11) • 65 uN.pow.r orawl.r 1;raotor oa kDooJal.owJl 2.95 h& when • 2~ 
1;im. 10 •• i. allowed for reri a4 aaiDt ..... o., .r 

(11i) • oh.1nh lC UBit OaD kDoolI:d.otm 33.2 ha wbeIl allowi ••• imllar 2~ 
t1M 1 •••• 

Similar tipre. oa 'be re..u.q oaloala'te4 for etur operati... .... ...... 11; uould 
be .... e4 tha1; 1;he .. ~ .... .,.r&1;i-.l __ .. re..u.17 'be .rt ...... whilri lIata1;a,ip1nc • 
pe4 rate .1' .rodao1;iTiVJ wbereu laa4 la'boar ~oUTiV t .... t. fallon whea the aemal 
.o:rlc: peri ... i •• rt ...... 
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WiD4rowing and Hand Piling 

Th ••• ri •• o~ wizadrowing trial., whioh u •• d • range o~ ."ailabl •• quipm.nt, UJl4er
lin.d the .uperiority o~ the ~ront ea4 rake ov.r the bulldos.r blade (Allan .ad Jaotaon, 
1912; Allan and Akwa4a, 1914b). The ~ront end rake c~ •• little .oil di.turbaDo. and oon
.equeD.tly wiJUlrow contain 1 •••• oil cd bu.rD more ~r.ely. In the h •• Ti.r .aTUma 'bIdh an 
iuve.tigation ..... t up to oompare the .~~ioi.noy o~ linear windrow. or irr.gmlar he.p •• 
In the l.tt.r, the debrh i •• tacked round the larger tree., th.or.tioally reduoing the 
vol,.. o~ debri. to be moved. Any di~~.reno. in oo.t .t~ioi.noy W&II negligibl., althou&h 
on the oredit .ide the he.p. appeared more tightly packed ~or 'burDing, whiln on the debit 
dde culti".tion in the irregmlar p.tt.rn oreat.d by he.ping W&II difiioult but i. readily 
~ ... ibl. betwe.n windroVll (U1Ul Uld Akwada, 1914b). Th. pn.ral optimum .pacing ~or wind
row ... 50 m apari. 

T.bl. 2 recorda the r.t •• and oo.t. ~or •• leoted lfin4rowing and hulA piling trial •• 
In light.r •• "amaa, trial. 1 and. 2 u.ing difierent malaI. o~ tractor, reoord .iJRilar re.ult. 
and indic.t. Ul ."..rap unit oo.t o~ .1.44/m2• Trial 3 .howed that in thi. "..pt.tion, 
inor .... d tractor pover did not improve oo.t .fiieienoy. In the h •• Ti.r .outh.rD Guine. 
"..pt.tion uing • h •• vy tractor, 2h. incre .. ed volum. o~ debri., .. would be antioipat.d, 
inore ... d the unit oo.t to .1.98/m • 

In .11 0 .... m.chani •• d wiJUlrowing W&II con.iderably more oo.t .fiioi_t than hand 
.tacking and •• ehanh.d oon. w.re betwe.n 9.z' to 11.1'-' o~ eorre.ponding hand. oo.t. in 
difi.rent deuiti •• o~ "..pt.tion. Thu, ~or the oo.t o~ .taok1.ng 1 ha by band,.om. 8 or 
12 h. m8jy' be wiudrowed by tractor ill the .outh.rn or north.rn Guin •• son •• , re.peoti"..ly. 

Pre...plant1ng Cul U "atiou 

Total cultiv.Uon by hand l.bour i. po •• ibl. ill _all .oal. plot., but ob •• rTatiou 
indio.t. that oo.t. are .0 high and, perhap. o~ great.r importano., the quality o~ culti".
tion i •• 0 poor .. to pr.olude larp .oal. haD:l cultivation ... re .. onabl. po •• ibility. 
Trial. h.".. ~oVll th.t oxm m.., be neoe •• f'ully u •• d to cul ti vat. _all .oal. plUlt.tiou 
but the practioal de"..lopment ot oxen pow.r tor plant.tion cultiv.tion would tat. couider
able .pplioation and. time. Th. main practioal cultivation alt.mati"... lie in difi.rent 
type. and power. o~ tractor aDd • ranp o~ plough. and harroVII. T.bl. 3 recorda unit oo.t. 
(.lh.) ~or ••• l.oted DUlDber o~ ploughing and harrOwing trial.. Some o~ the produotiTitie. 
recorded are ."..rap. ~ e%teuive inve.tigatiou (Allan, 1913b; S.vuma 1I'ore.try a •• earoh 
St.tion, no date). 

Wi th re~.reno. to pion.er ploughing, trial. 1 and. 2 u.ing ID.di,. whe.l.d tractore .bow 
oouider.bly difi.rent produotiviti .. , whioh IDa,y be attribut.d IDainly to Tari.bility o~ 
oper.tere aDd o~ .oil 001l.4i. tiou. Th. averap UDi t oo.t i •• 10.55/ha. Trial. 3 to 6 _ploy.d 
orawler tractore and h •• vy duty Rom. 41.0 harrow plough.. Trial 4 WM • ~lled oper.tion 
wi th • hi&h 1."..1 o~ efiioiency and. i. direotly oomparabl. with tri.l 6, where .fiioienoy 
w .. 1 ••• and the tractor .... t the limit o~ it. pow.r pulling the TACH 12-30 plough; perhap. 
Ul ."..rap unit oon between .11 aDd .14/ha would be reaclily .ttainabl. in practio. and. 
would 1 •• ".. .ome room ~or improvement. Trial 5 i llu.tr.te. ono. again that ad4i tional power 
do •• not neo ••• arily yi.ld gre.t.r oo.t • fti oiency , with the UIlit oon .t .21.56 being IDore 
than double that o~ the oomparable trial 4. 

Th. whe.led tractor/di.e oombinatiou are .lightly IDore con .fiioi.ni thaD the orawl.r 
unit., but quality Uld depth o~ oul ti vation i. le... In the h •• Ti.r ploughing unit. the 
TACH 12-30 harrow gaTe the ben penetration and. efteoU"..ly • ."..red UlY ~ng root. or 
nUlllp.. U thoup the he.vy duty harrow plousb gi"... a quite difiereni oul ti vation trom that 
o~ • eli.o ploup, renlt. ha".. .hOllD th.t thi. type o~ .ail working h pnerally .Aequat. 
~or plant.tiou. l'or larger .oal. ploughing oper.tiou • 10 to 80 horeepower orawler tractor 
wi th the ID&tohing TACH harrow i. reooaaended. A _all trial .ploying • larp 100 hp vh.elecl 
tractor .. power unit to • 'DIR harrow, ~wed thi. to be • ~e .. ibl. plousbillg unit and turther 
trial. are recoaacde4. 
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lfhUl piOJleer plougbiaC hu been adequately a.plet ... and. the luul. h largely tree 
ot all iapecliae.t., then pre-planting harrowing i. a nra1lbttorward operation. Trial. 7 
aDd 8 ill Table 3, at •• e .a .17 /ha, reoord. .imilar lDli t oon. tor 4itterUlt harrova ot 
2.1. oaltiTati .. wi4th. !here h no sreat 41tterUloe betweUl th .. e implement. althouch the 
34/20 hu p","4 diptly lIore 4arable in praotioe. Both harrova by IIdjuriment ud. reduo
tion ia auaHr "t 41.0. oan be a4apte4 tor inter-row weeding. Trial 9, uaing the X/P 28 
harrow with a 3 • cultiTatioa width and a lDlit oo.t ot »3.57/ha,i. eoonomioally etticient 
ua4. Ii"'. a high rate ot pr04uotiTity ottering an aoceptable option where the .oale ot 
eperatioa juriiti .. having aD impl_Ult .peoitioally tor harrowing. Similar ob.erYatiou, 
relatift to .oale, apply to the trial 10 pulnrhing harrow '!'Ow 40/24 whioh produoed quite 
the ben tilth or .eed bed; in4eecl. the cultivation wall .0 !Ood u to require the greate.t 
oare ill uing this iapl_Ult in areu liable to ero.ion. 

With reterence to rat .. ot procluoUTity during a 75% ettectin 6.5 hour working d.a.Y, 
the 3 41.0 plough wou14 cultivate 2.4 ha ud. the heavy TACH harrow plough between 2.9 and 
5.0 hal pre-culti'V&tion harrowing rate. vary between 3.2 ha tor the 34/20 and 8.0 ha for 
the TOW 40/24 harrow. 

i) 

H) 

Hi) 

CO)JCLUS10BS 

There i. a well e.tabli.hed Deed. tor plmtation development in the liigerim .avazma 
(.1llm and Ojo, 1974). The need to accelerate this development oontinue. to require 
.tudy aad iuve.tigatiou to .. certain the more ettioient teohnique. for main opera
tion. and to proTide a .ound baae tor plmtation planning and budgeting. 

1ni tial plantation development generally require. the clearing of the indigenOUJl ~h 
UI4 cultivation ot the .oil prior to plUlting. Lmd olearing operatiou are not 
particularly 4itticult but require oareful torward plamri.ng; firstly, to ensure that 
only suitable land i. oleared and, .eoondly, to ensure a timely .equence ot operatiou. 
Wi th information on vegetation deui ty aDd. rainfall tor a particular area, the pre
paration ot a 8O'QDd oalendar of operation. h the bui. of good planning. 

The ooned renlt. ot a .erie. ot iuve.tigation. to determine the eftioiency of 
4itf'erent teohnique. for olearing md cultivation in4icated that: 

a) Cha11ling oo.t etfioiency i. le •• the 5% that of the co.t ot oomparative 
hllDCl .taping operatiou; 

b) Similarly, .ingle tractor knookdown h only .ome 10% of hand operatiou; 

0) .eohazli.ec1 windrowing oost. are only 9 to 12% of comparative hand piling oost.; 

d) The meohani.ed olearing operatiGu otfer fut rate. of produotivity and the 
po •• ibility ot expe4iting development; 

e) Pioaeer plOU8h1ng with a lipt agricultural tractor md mounted di.o ploU8h 
uni t h 4 to 32% 1R0re co.t etfioient than u.ing heavier orawler UBi t.. The 
heavier orawler di.o harrow plough unit, however, impron. the quality ot cul ti
'V&tion and oan double the rate of output; 

t) Por pre-planting harrowing, the lDli t oon tor the mo.t ettioient implement is 
only .ome 43% that of the but etf'ioient unit oon reoorded md the heaTier 
orawler unit oulti'V&te. at .ore than 40uble the rate ot the lighte.t agri
cultural unit •• 

The renl t. trca the .. trial. indioate .000e ot the optiou open to management, but 
dAohi .. require ooui4eratioa ot the re.ource. aTailable, the .oale ot operation 
ud. the period duriq which the work has to be oClipleted. 
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iT) l"or larp .oal. pluta'U._, .eohui.ed. operaU ... ha .... OOD8ibrab1e a4'Y111ltap crnr 
other 1 ••• eo __ io aUemati...... Due oo .. i4eratioa, hcnr ..... r, IrI181; be &i""- to ~e 
e~ the ooanraiat. to eUioiat .eohaiaatioa whioh are ocaaoa i_ a maber o~ 4e .... l
opiq OO1Ultrie. (Cree.e, 1914). Suoh probl ... ....., be laolt o~ ap&re part., .hortap 
o~ Ilkille4 operatora, poor .errloing ~aoiliti •• aDd. laolt o~ ino.nti...... U_le •• the.e 
probl_. are .liminated by the pluming UI4 provision o~ IIZl a4equate i~rariruc'ture, 
nooe •• tul m.ohani.ation i. unlikely to eventuate. 

v) I~ the oon.iderable eOOJlIDio adV8Iltage. ot meohui.ation over .tumping ad. hc&d 
piling could. be ill1ored, then meohani.ation ot .uoh operatio .. might be ••• n as 
.rasing Ul opportunity tor larp .oale employment. The ••• conomio adVUltage. oaDJlOt 
be ipored, hOlAl .... r, 8Ild the applioation ot .el.otive meohani.aticm to a marginal, 
labour int."ity proj.ot m~ tir.tly make the proj.ct eoonomically te .. ibl. and, 
•• ccmd.ly, the applioation ot budget aavings oould allow the undertaking to be acoel
erated or .xpaD4ed. It i. RBpri.d that a .oundly based, .elective, m.ohani •• d 
plaatation proj.ot will, in the lonpr tem, provide more permanent direot employment, 
as w.ll .. indirect employment in prooe •• ing induririe. thaD a marginally .0onOlllio 
labour intenJli .... undertelci.ng (01uwas8Dllli, 1915). 
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LaD4 Clearing. Printed in U.S.A. 

Caterpillar Performance Handbook. lMition 2, Pub. 
Caterpillar Tractor Co. U.S.A. 1970. 

An lmquiry into the Serviceability and Failure Rate of 
Machinery in Tropical Developing COlDltries. Interim 
Report B'igeria Int. Dav. Researoh Centre Ottowa 1974. 

Forestry EquiJIDent Note C 14-56. FAa, Rome. 

Tree Plazrting Practices in Afrioan Savannaa, by 
M.V. Laurie. FAa Forestry DaveloJlDent Paper B'o. 19, 
Rome. 

Plantation Establiahment Teohniques in the Savanna 
Areas of Nigeria. Research Paper 10 Savanna Series, 
Samaru 1971. 

Effect ot Farm Meohanisation on Produotion and Employ
ment in B'igeria. Invi ted Paper. Expert Panel on 
Effeots of Farm Meohanisation. Rome, February 1975. 

Unpublished reoorde and reports. 

1ndipnou.. veptation such as this IsoberUnia dob in 
the northern Quinea savanna must be oleared aw~ior 
to plantation establishment. Mechanised clearing with 
two orawler tractors and an anohor chain is the most 
cost-efficient method for these oonditions. 
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.lPPEIDIX A 

BASIS OF COSTIIG TRAC'IDRS, JRtJIPJll!2i'l' .ABD 
LlB>UR OPERATIOll'S III LlID CLElRIllG DD PRl!P.ARl.TIOI 

CO.ting Crawler Tracto~ and Matched Equipment 

The oo.ting method i. mainly b .. ed on FAO Fore.try Equipment Iote. C 14-56 (FAO, 1965). 
Operating rate. per hour are baaed on oo.ta to Iigerian Goverament agenoie. as at 1975. 

The baai. of tractor ooat calculations 

I Estimated irreducible ooata are b .. ed on the number of hoUl'll &8l1U111ingz 

a) Annual interest at 6'1> averaged and 

b) GarB4ring oo.t at JiO.02 per hour. 

Inauranoe and road tax are omitted aa Government equipment i. free from suoh charge •• 

II Estimated depreCiation and repair coets are baaed on the e.timated operating hours 
(H) in the lifetime of the tractor (standard life). Standard life apans of 10 000 
hoUl'll over 8 years have been .. sumed for crawler tractor. and 5 000 hour. over 5.6 
year. for wheeled tractor •• 

a) Depreoiation i. calculated on the straight line method by dividing the net 
1975 purcha.e price of the tractor (A) by the e.timated life in hoUl'll or A. 
Scrap value i. taken .. nil. if 

b) E.timated ooat per operating hour for repair. ia expre.sed aa a fraction (r) of 
the depreciation per operating hour. Baaed on experienoe, the index of 1.0 i. 
u.ed for .tandard live •• 

III Tractor oo.t. directly incurred when working are taken aa followa: 

a) Cost per operating hour for dieael oil conllUlllption i. baaed on average per
formanoe figures, die.el being co.ted at 50.46 per gallon; 

b) Co.t for lubrication i. also baaed on handbook data (Caterpillar Tractor Co., 
1970b) and current ooat. for materials; 

c) Additional co.t for maintenance and oleaning i. e.Umated aa JJO.10 and can be 
oon.idered a non operative oo.t again.t the tractor operator. 

IV Wage. and as.ociated expenditure are baaed a. follows: 

a) 

b) 

Wage. per hour of maohine operators are baaed on the Federal Tractor Driver 
1975 award at the top of the .cale, i.e. JJ3.75 per 6.5 hour da,y. Allowing that 
only 75'1> of time will be operational and asswning that total hoUl'll should be 
oharged to tractor work, this give. an hourly operati~g rate of )JO.77. It i. 
further .. sumed that when a traotor driver i. on other work hi. time will be 
oharged to suoh work; 
E.timated expenditure for penaion, paid holida,y. and sick Pa.Y i. taken .. 15'1> 
of IV a) Le. JJO.12. Eetimated hourly tractor and implement co.te are detailed 
in Table 4. 

V Implement. are oo.ted .. per tractor oalculation. un4er i te. I and II. 
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Co.t1ng Labour Operation. 

Th. oo.t. -ror hU14 labour riump1ng are b ... d on aotual 1975 rate. a ••••• ed &II 

tollov.t 

a) Daily labour 1. b ... d on a baaio )12.02 per 1111111 ~ with working hours of 
1 hour. per da;y JloDU,y to Tburada;y, 5 hour. on Fri~ and 6 hour. on Saturd.a;y 
giTing a total o-r 39 hour. and an avara&e of 6.5 hour. per d.a;y over a lIix d.a;y 
we.k. An allowanoe ot 1~ to refleot leava and public holi~. and other 
be.e-rit. _aka. the total oo.t ot labour per man ~')l2.22; 

b) The oo.t ot hand tool. h&8 been excluded. 



'!'ABLE 1 

is'fiD'l'ED 1275 DUCIDOWI RAm AID COSTS II nGERIJ. 

OperatiOJl aDd. Equipaot 
Ret Year ot Con/hr o.r./ba Con I ba 0.'1./.2 Coat 1.2BoA• Cliaatic 
10. 'trial (lJ) (.iu) (I) (US S) B.A. (.iDa) (I) (US 'J Zene 

IBockd.nll Cbai wj ng 

2 x 180 hp c1'8lfle1'll aDd chain 1 1972 37.88 7.19 4.53 7.36 0.75 0.47 0.76 I.CJaiaea 

2 x 180 hp crawle1'll and chaiD 2 1974 37.88 9.42 5·94 9.65 1.20 0.75 1.22 It 

2 x 125 hp crawlera and chain 
aDd. 1 x 85 hp crawler 3 1974 32.10 23.00 12.30 20.00 2.58 1.38 2.24 It 

2 x 180 hp cr_lera and chain 
.. 1 x 65 hp crawler 4 1973 46.10 15.77 12.11 19.69 1.29 0." 1.60 S.CJaiMa 

S!!I1e 'tractor IDoctd.o1lll 

1 x 65 hp crawler 5 1971 8.05 114.6 15·37 24.99 11.93 1.60 2.60 I.CJaiJaea 

1 x 65 hp crawler 6 1972 8.05 81.26 10.~ 17.72 10.10 1.35 2.19 It 

1 x 65 hp crawler 7 1974 8.05 102.60 13.76 22.87 11.3' 1.52 2.47 .. 
1 x 125 hp or .. ler 8 1974 11.71 79.62 15·54 25.26 9.76 1.90 3.08 It 

. 
Haa4 Stlapil!g 

Di1'801; haDd labour 9 1971 - - 145.41 236.43 - 14.66 23.84 • 
COJltrac1; h8Ild labour 10 1973 - - 276.00 448.78 - 22.86 37.17 S.ChI.iJlea 



l!S!IIlHD 1915 VIDROVIJQ BAS OJ) COS!S II nGElW. 

Tear of Con/hr 
O.'./ha 

Con I ha 0.,./.2 Cen 1.~eA. Zae, OperaUoa .... EqaiJlaeD't !rial (I) (I) (llS I) BeA.(.iu) (I) (llS I) 

lortMm Oai .... ZoM 

1 x 65 bp c~ler tracter 1 1971 8.05 79.56 10.67 17.34 11.01 1.47 2.39 

1 x 65 hp c~ler tractor 2 1971 8.05 102.50 13.15 22.35 10.55 1.41 2.29 

1 x 90 hp c~l.r tractor 3 1971 11.71 '4.08 18.36 29.85 9.56 1.86 3.02 

contract bali labo1lr 4 1971 - - 148.00 240.65 - 15.60 25.36 

Southem OuiDea z. .. 

1 x 180 hp o~ler trao1ior 5 1973 18.71 76.93 23.99 39.00 6.36 1.98 3.21 

Direct haD4 labour 6 1973 - - 204.00 331.70 - 16.90 21.41 
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'l'ULE 3 

liS'l'IIU.'l'ED 1975 OOSTS POR PRE-PLAlII'l':mJ CUIJl'IV.&.TIO. 

Operation EquilDU:t IIDCl Ref. 1"0. Year of Coa-t/hr O.T./ha Co.t / ha 
Trial. (Ii) (lDi~) (Ii) (USa) 

Pioneer Plougbi!5 

1 x wheeled tractor 50 hp 1 1972 5.23 139.10 12.12 19.70 
with 3 di.c plough 

1 x wheeled tractor 50 hp 2 1971 5.23 103.02 8.98 14.60 
with 3 41.0 plough 

1 x 65 hp crawler with 3 1912 10.21 12.61 12.35 20.08 
Rome '11IR 10-30 di.c harrow 

1 x 10 hp crawler with 4 1972 10.72 57.98 10.35 16.82 
Rome TACH 12-30 

1 x 180 hp Drawler with 5 1972 23.18 55.81 21.56 35.05 
Rome 'l'RB 16-30 

1 x 65 hp crawler with 6 1914 10.72 102.18 18.25 29.61 
Rome TACH 12-30 

Pre:;21Ulti!5 Harrowing 

1 wheele~ traotor 50 hp 7 1912 5.41 91.62 8.26 13.43 
with MIF 34/20 harrow 

1 wheeled tractor 50 hp 
with H/R 35/10 barrow 

8 1912 5.49 88.41 8.09 13.15 

1 wheeled tractor 50 hp 9 1914 5.53 38.82 3.51 5.80 
wi th KIF 28/26 harrow 

1 x orawler 10 hp with 10 1972 11.87 36.78 1.21 11.82 
Rome TOW 40/24 harrow 

. 



!llILI 4 

Coat per hour ill I&ira 
I td 

hchiDe u4/ ... • Irre4acible Coat • Workiq Coat. Opera'tel'8 ,.'tal 

] -; 
.p 
0 ,.. 
! ~ .p 'Ii 

or IquipaeJl't 8. • r! • 0 Depre- I&ira 
0 ~ III 0 la- cia- ae- Clean-

(Roun) (Roun) (I&ira) tere" Garap 'tiOIl paiN hel Lub. ill8 V.,.. other 

180 hp 
crawler tractor 1 250 10 000 63 350 1.52 0.02 6.33 6.33 3.28 0.24 0.10 0.77 0.12 18.71 

65-70 hp 
crawler tractor 1 250 10 000 25 500 0.61 0.02 2.55 2.55 1.21 0.12 0.10 0.77 0.12 8.05 

50 hp 
wheeled tractor 900 5 000 6 000 0.22 0.01 1.32 1.32 0.37 0.08 0.10 0.77 0.12 4.31 

Ua7 duV cli.c 
harrow 34/16 400 2 000 858 0.06 0.01 0.43 0.43 - - - - - 0.93 

aachor CWIl 1 250 10 000 2 850 0.07 - 0.29 0.10 - - - - - 0.46 
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This discussion is based on Chapter 12 of Tree Planting Practices in African 
Savannas CFAO, 1974); the following notes supplement the relevant sections. 

SPACING AND PEGGING 

Spaoing 

Reoommended sp&oings in savanna have usually been determined from silvicultural in
vestigations largely based on rates of growth and form, but they can influenoe plantation 
profitability. The oosts of planting, beating up, weeding, pruning, harvesting and yield 
are affected by sp&oing. 

The oloser the plant spaCing, the gE'eater the number of plants and the larger the 
aotual planting input required per unit area. Both these factors oan oonsiderably inorease 
planting oosta. With a larger number of plants per hectare, however, losses beoome less 
critioal and it may be possible to dispense with beating up, whereas at wider spaoing 
malting goOd any loaaea oould be essential. The oloser the initial plant sp&oing the earlier 
canopy oloaurea oan be antioipated and this in turn affeots the duration of the weeding 
regime. The supPl"ession of gE'ound vegetation by canopy olosure also reduoes fire hazard. 
Wider spaoing i. likely to induce heavier branohing with oonsequent higher pruning oosts, 
but on the other hand there are fewer trees to be Pl'uned. Plantation revenue i8 dependent 
on the volume and timing of prOduction; sp&oing obviously oan influenoe both faotors. 
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It it is a .. WII.d that plantation we.ding will b. mechanis.d, then the first oonstraiIx\ 
i. that the _l*Qing JIIUIIi; be Buffici.nt to allow a traotor and imp1.ment between the planted 
tr.... Speoialised small or narrow tractors are not a reasonable poaaibility at this point 
in t illle BO usa is _de ot the normal agrioultura1 type tractor whioh requires a minimwn 
Bl*Qing of 2.8 m. Aooepting thia oonstraint, the main objectivea in selecting a sJ&oing 
are to achieve an eoonomio establishment and to olose canopy (or take over the aite) aa 
early aa pcBBib1e. 

Planting may be on the square allOWing meohanised weeding in two directions at right 
angles, on the diagonal or with reduoed spaoing in the lines allOwing meohanised interrow 
weeding in one direction only. Table 1 givea some oost indications of the effect of spaoing 
on establishment costs for the follOwing optiona: 

Option 1. Planting euoa1ypt_ on the square at 3 m x 3 m (1111 plants per ha) 
with one year's spot weeding and two way meohanised intcrrow weeding. 

Option 2. Planting euoa1ypts in lines at 3 m x 1.5 m (2222 plants per ha) 
with one year1s line weeding and one way meohanised interrow weeding. 

Table J 

Indioative Establishment Costs 

Costs per 

Operation 

Option 1 

Ii usa 

Plant ing st ook 33.33 53.99 
Planting 7.26 11.76 
Hand spot weeding x 4 24.00 38.88 
Hand line weeding x 4 - -
Meohanised interrow (a) 

weeding 19.80 32.07 

Total 84039 136.70 

(a) 6 meohanica1 weedings, 3 in eaoh direction at Ii 3.31/ha 
(b) 4 lIMIohanica1 waedings, all in one direction at Ii 3.31/ha 

heotare 

Option 2 

Ii us $ 

66.66 107.98 
14.50 23.49 

- -
60.00 97 .20 

(b) 
13.20 21.38 

154.36 250.05 
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In this eD.mple, by reduoing the spaoing from 3 m x 3 m to 3 m x 1.5 m the seleoted 
first year oosts are inorsased by some 83%. The benefits of oloser spacing such as elimin
ation of beating up and inoreased selectivity for thinning should also be quantified. 

The optimum spaoing clea.rly depends on a number of factors that do not allow general 
oonolusions to be drawn. In the first instanoe, it is of'ten necessary to choose that 
spa.oing whioh within the given environment and with the available knowledge and resources 
will generally meet the objectives, whilst research gives consideration to the effect of 
other variations in spacing and their interaotion with other faotors. 

Having deoided on spaoing, the marking for planting by ~gs has to be related to the 
plantation and oompartment layout. In undulating country it may be necessary to use con
tour planting, but in savanna the general pattern is square or reotangular. Marking for 
planting may be done by tractor with a tool-bar and tines, but this requires a skilled 
operat or; pegging by hand is more commonly the method used. Pegging may range from marking 
eaoh individual planting spot to pegging squares and subsequently using marked chains to 
indioate planting spots in the squares. At 3 m x 3 m spacing the former method requires 
1111 pegslha and the latter slight ly under 3 pegs/ha. 

Pegging Squares Method 

Assume a plant spaoing of 3 m x 3 m on clean harrowed ground with a ready supply of 
6 pegs. The pegging is based on 60 m2 • (The length of the sides of the squares must be 
a multiple of the plant spaoing.) 

Equipment 

Manpower 

Method 

Outputs 

Prismatio compass or right angled prism, 
2 mallets or hammers 
Pegs (allow 3 per ha~, and 
1 x 60 m ohain. 

1 supervisor and a minimum of 4 labourers consisting of 
2 ohai nm en , 2 oarrying pegs and mallet s. 

2 
From the start ing point, layout and peg an exact 60 musing 
the prismatio oompass or opt ical square. From these pegs lay 
out two base linel!l at right angles with pegs at 60 m intervals. 
From the init~al square using the ohain sight in the oorners 
of other 60 m , until the entire area is squared. 

It is important to carry out periodic oheoks to ensure that pegs 
are exact ly 60 m apart. The chain should be oheoked for stretch
ing during the exeroise. When pegging, it is important firstly 
to leave a I'II&rgin around the oompartment for weeding and seoondly, 
at oompartment ends with stretohes of less than 60 m, pegs should 
be put in at the multiple of 3 m that can be fitted in. 

Nigeria 4 to 5.0 ha/hr olea.r areas. 
Zambia 2.25 ha/hr in areas with anthills. 

PLANTING 

Timing of Planting 

Planting should be oompleted early in the rains in as short a time as posl!lible, to 
allow the treea to beoome well established prior to the severe dry seaaon. The importanoe 
of timely and good quality planting should be stressed. The Zambian method of cOlllllenoing 
pl&nting when the soil is moist to 30 om is a good rule of thumb. 
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Kowal (1975) worked out planting dates based on the start of the rains according 
to the following definitions: 

(a) the first ten day period (decade) during the year having at least 
one inoh of rainfall with subsequent two decades of at least half 
evapotranspiration (oaloulated by Penman's formula using a 25 % 
refleotion co-efficient) 

(b) the ten day period during which the cumulative annual rainfall is 
at least 100 mm, with falls of less than 10 mm in any decade 
exoluded. 

The following are Nigerian samples. 

Table 2 

Start of rainy season for selected stations in northern Nigeria 

date of start of rains 
Station Estimated Target 

method (a) method (b) Planting Date 

average latestll average latestY 

Sokoto 7 June 29 June 22 June 10 July 1 July 

Maiduguri 22 May 14 June 5 June 23 June 14 June 

Sanaru 12 May 4 June 26 May 14 June 5 June 

Kaduna 4 May 26 May 17 May 5 June 26 May 

11 The latest likely date of the start of the rains at a confidence limit 1:9; i.e. only 
onoe in 20 years is the start of the rains likely to be later than the dates. 

Suoh data give a planning date for planting and for such associated operations as ground 
JIl'epa.ration and nursery JIl'oduction. For plantation planting, the object should be to 
oomplete the planting JIl'ogramme within a period of four weeks from the starting date. 

The effect of timely planting is related to and can affeot the results of such other 
factors as fertiliser applioation, weeding regimes and consequent growth, but measuring 
suoh interaotions is not easy. Researoh into this aspeot has been done in savanna agricul
ture and for maize it was found (Baker, 1975) that planting at the optimum time gave some 
50 % to 84 % inoreased yield over planting one month later under speoifio conditions. 
Similar trends could be anticipated with plantation crops. 

Transport of Plants 

One of the important factors related to transport and distribution is the weight of 
full plant-oarrying boxes; trials in Nigeria used the follOwing types: 
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Table 3 

Weight of plant-oarrying boxes and different types of polypots 

Type of Box 

Wire tray 
41 x 29 x 10 om 

Wooden boxes 
39 x 24 x 10 om 

Metal boxes 
41 x 28 x 5 om 

La.r ge pot s : 
Medi urn pot s: 

Weight empty 

(kg) 

1.10 

1.53 

2.00 

25 om x 7.5 em diameter 
15 om x 7.5 om diameter 

Weight full Weight full 
with 15 with 15 

large pots medium pots 
(kg) (kg) 

28.5 14.7 

29.3 15. 1 

29.60 15.6 

The weight of over 28 kg of the boxes with large pots proved to be a strain for lifting 
and carrying during a working day. The wire basket with medium pots proved the more suocess
ful in use. For drier areas where larger pots are essential the use of smaller boxes 
holding 9 or 10 plants should be oonsidered. 

Planting Method 

When using polypots, the plant and its growing medium are transferred to the field, 
and as long as the plant has been hardened-off there is no severe shook in changing the 
environment. Meohanised planting is possible, but the well organised use of labour is 
generally preferable in savanna areas. The adequate and timely distribution of plants to 
the site is of critical importanoe to planting efficiency. 

Planting oomprises the following activities: 

Pitting, 
Distribution of plants on site, 
Planting. 

By pre-planting harrowing and using specifiC hand tools it is possible to combine these 
separate aotivities so that they are mainly carried out as a single operation by one man. 
This type of oombined operation can considerably improve productivity. 
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The following section gives an outline planting method for speoified assumptions, 
but requirements and productivity oan be readily reoaloulated and measured when these 
assumptions are varied. In desoribing this planting method the following assumptions are 
made: 

(a) that the land has been harrowed and pegged in 60 m squares; 

(b) plant spacing is 3 m x 3 m;and 

(0) that medium sized polypats 15 cm high by 7.5 om diameter are 
used; and that there is an adequate supply of full planting 
trays on site. 

Equipment : 

Manpower: 

Method: 

OutPUt: 

60 m planting chain with 3 m tags, 
300 to 600 plant-carrying trays of 15 polypot capaCity, 
19 planting trowels with spares, and 
a tractor with plant-carrying trailer. 

1 supervisor, 1 tractor driver, 27 labourers consisting 
of 2 chainmen, 19 planters and 6 distributors. 

Distribute plants for line planting 20 seedlings at each 
peg. Using chain and 20 planters, plant in parallel lines 
60 m aJart. When this line planting is oomplete, just 
over one twentieth of the area is covered. These plants 
serve as markers for full planting oarried out at right 
angles to and between the planted lines. 

Between marker trees on the base line, and at each inter
val of 16 trees, layout 19 full planting boxes 3 m apart. 
To start planting, the chain is placed between the base 
line tree markers to indicate the 3 m planting spats where 
planters with trowels pit and plant. The chain is advanced 
3 m to the next markers and the prooess is repeated. After 
planting 15 trees each, the empty trays are discarded and 
full ones are picked up by eaoh planter and the planting 
operation is oontinued to the end of the area. Empty trays 
are oollected and full trays are distributed in advanoe of 
the planting gang. Stretching of the chain is possible 
and requires oheoking. 

8.5 to 9.5 ha/day initial inetruotional trials in Nigeria. 
15 to 16 ha/day based on standard times for Zambia using 
mini pots. 

WEEDING 

Exoept at higher altitudes or in areas where moisture is plentiful, it is generally 
better to start plantation development with a clean weeding regime, whilet research deter
mines what degree of toleranoe to weeds the selected speCies might have. It is of equal 
importanoe to olean weed speoies trials and early research plots, as the presence of weeds 
orten affects or negates the results obtained. Under most oonditions, even outside the 
eavanna region, olean weeding will pl'oduce faster growth and increased. yields, but it is 
neoessa:'Y to have some indioation that the value of the inoreased growth is greater than 
the oost of the weeding inputs. It is of oonsequenoe to maintain a weeding oycle that does 
not allow the weed oover to become heavily established, as heavy weed is orten diffioult 
and extremely oostly to eliminate. 
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The main methods or combinations of methods of eliminating weeds are hand, meohan
ised or ohemioal weeding. 

Complete Hand Weeding 

Hand weeding in savanna implies cultivation of the soil by hoe or a similar imple
ment. Soraping only severs roots and oan produce undesirable soil capping. Cutting back 
of weeds generally stimulates growth and does not reduce competition for soil moisture 
(Chapman, 1973). 

The main constraints to hand weeding, particularly in large scale operations, are 
the size and oost of the labour inputs. Zambian data indicate that in very light weed 
oover weeding takes 7.2 man-days per ha, and that in heavier weed this rises to 25 man
days/ha. Task weeding in heavy grass in Nigeria required 32 man-days/ha. Assuming 1000 ha 
and that it is necessary to carry out a heavy weeding every 5 weeks, the figures indicate 
that a labour force of between 800 and 1100 men is required during the weeding season. At 
1975 rates each weeding would cost ~ 55 ($89) to ~ 70 ($113) per hectare. In general, hand 
weeding seldom produces as intense a oultivation as mechanised cultivation. 

Mechanised Weeding 

Mechanised weeding covers only the interrow area and requires supplementary hand 
weeding of the area adjacent to the trees left uncultivated in the mechanised operation 
(Baker, 1975). To avoid damaging the plantation crop, initial mechanised weeding should 
be kept fully 30 to 45 om from the trees, and as the crop grows this nistance should be 
increased. Interrow weeding may be by oxen or tractor power. 

When evaluating different types of mechanised equipment the comparative unit measure 
is the "cultivated plantation hectare" (C.P. ha), which is a measure of the area effectively 
cultivated excluding the area to be supplementary hand weeded, i.e. one C.P. ha is 
10 000 m2 (length x width) of effectively cultivated plantation land.. For management pur
poses, however, the "gross plantation hectare" is the unit measure used and refers to a 
hectare of trees i.e. when the number of trees including blanks treated equals the number 
of trees per ha planted, the area is a G.P. ha. The G.P. ha includes the area to be hand 
weeded, but that aotual area will vary with the width of the implement used for the inter
row weeding. 

Investigations employing oxen with Ariana spring tine cultivators have indicated 
the feasibility of interrow weeding with this combination in the Nigerian northern GUinea/ 
Sudan zones (Allan, 1972; Makin-Taylor, 1974). A two oxen team averaged some 94 to 141 min 
to weed a G.P. hectare, which in a 4 to 6 hour day indicates outputs of 2 to 3 ha. On the 
assumption that costs will have doubled since 1971, costs per ha would be of the order of 
)j 3 ($4.80) to )j 4 ($6.40). (The capital cost of the oxen will have more than doubled 
during the period, but the ealvage, or meat, value will have risen in slight ly more than 
oompensatory fashion.) The setting up of oxen units requires cons1derable application and 
training and has not so far been implemented at other than the investigatory level. 

A number of trials to evaluate a range of weeding implements have been carried out 
in Nigeria and Zambia (Allan, 1973; Deveria, 1972; Forestry Department ~ambia, 1971). 
Columns 7 and 8 of Table 4 indioate the greater cost efficienoy of harrows compared to 
rotavat ors , and of the harrows the M/F 34/16 is marginally the best. Similar conclusions 
were reaohed in Zambia. The average trial output of the medium wheeled tractor and harrow 
is indioated as 1.58 G.P. ha/hr (column 3) but for practical purposes a standard time would 
be of the order of 1.0 to 1.2 G.P. ha/hr. mechanised interrow weeding may be done in one 
direction with supplementary line weeding, or in two directions at right angles with supple
mentary spot weeding. Referring back to Table 1 shows that a complete weeding in one 
direction would oost I 18.30 ($29.65) whereas spot weeding and two meohanised weedings at 
right angles would oost I 12.60 ($20.41); and the oost differenoe over a season is 67 %. 
These are not directly oomparable because the two-way weeding gives double cultivation to 
60 % of the area and, as Deveria (1972) pOints out, cross cultivation oan put a strain on 
the tract or and implement. 



Table 4 

Estimated 1975 cost per unit area for mechanised interrow lIeeding 

Operating Costll O.T.Y perJ/ Cost/G.P. ha. O.T. perY Cost/C.P. ha 

Tract or & Implement per hr G.P. ha. C.P. ha 
(iii) (min) (Il) (. ill) (min) (M) (s US) 

M/F 165 + M/F 34/16 
harrow 5·24 37.75 3.29 5.33 45·30 3.96 6.41 

M/F 165 + Howard 1.52 m 
rot avat or 5·79 42·5° 4.10 6.64 69·66 6.72 10.88 

M/F 165 + Ransome HR 
35 harrow 5·67 42.73 4.04 6·54 51.27 4.84 7.84 

M/F 165 + Ransome lLq 
29 harrow 5·02 38.66 3.23 5·23 49.87 4.17 6.75 

y 1973 costs updated to 1975. Tractor costs increased by 78 % and implements by 29 %. 

?J O.T. (operating time) for a tractor unit operation is the total working time in minutes per speCific &re&or unit, 
and is calculated by adding working, minor stop and turning times. 

Y G.P. ha. = "gross plantation hectare",refers to a hectare of plantation trees. For post planting mechanised 
weeding, when the number of trees including blanks treated is equal to the number of trees per hectare at time of 
planting, this is a unit G.P. ha. 

11 C.P. ha = "cultivated plantation hectare". In a plantation, tlhen the area cultivated, as calculated by length 
times breadth in metres effectively cultivated is 10 r.no m2 , this is a unit C.P. ha. (In a. weeding operation 
this excludes the area to be hand "eedej.) 
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Considerable studies of supplementary hand spot weeding have been completed in 
Zambia (Forestry Department Zambia, 1971). The vegetative weed COver is assessed by the 
number of hoe strokes required to weed around each tree as: 

Extra light 
Light 
Medium 
Heavy 

less than 10 hoe strokes 
10/20 hoe strokes 
20/30 hoe strokes 
30 or more hoe strokes per spot. 

Table 5 

Standard times and outputs for spot weeding 

Weed Cover 

Item &: Unit Extra Light Medium 
li,l<ht 

Stp,ndard time in 
minutes 0.28 0.38 0·55 

Time per ha in 
minutes (3m x 3m) 311 422 611 

Output in man-days/ 
ha* 1.25 0.92 0.60 

* taken as a Nigerian 6.5 hour man-day. 

Heavy 

0.96 

1067 

0,)6 

The data in Table 5 are based on Zambian work study (F'orestry Department Zambia, 
1971) but initial studies in Nigeria indicate that with adequate supervision and some 
allowance for higher temperatures similar outputs could be antiCipated. Estimated line 
weeding outputs can be readily calculated from this data. Spot weeding costs would vary 
from ~ 1.76 (S2.85) per ha in sparse weed to W 6.11 ($9.90) in heavy weed cover. 

Chemical Weeding 

The use of herbicides or arboricides have been curtailed in many countries, due in 
some measure to fear of the danger in using such chemicals, in particular health hazards 
to operators and adverse ecological effects. Many of the dangers have been exaggerated 
(see Dost ~!l, 1975, on 2, 4, 5 - T and T.C.D.D.) but discussions have become emotional, 
and though clearance investigations have been run and proved it is not always easy to 
ohange public opinion. It is vital, therefore, to make a oareful study of the background 
information and correct usage of any chemical weedicide before introduction into planta
tion ~actioe (Barring, 1974). 

The main reasons for trying out chemical weeding are: 

~
i) 
ii) 
iii) 

(iv) 

where labour is in short supply, 
where present weeding methods are ineffioient, 
where the land is liable to erosion, or where rooks or 
outcrops ~eclud. meohanised weeding, 
as a supplement to hand or meohanioal weeding. 
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There is & need for an extensive research programme which would offer an opportunity for 
oo-ordinated work between savanna oountries. Use should be made of agricultural rElsults 
as many of the problems are common to both disciplines. One basic silvicultural question 
is whether chemioal weeding will give the same benefits in growth and yield aCl have been 
observed from oultivation weeding. 
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FUTURES OF CHDUCAL WBED CONTBOL 

AdvlIDtae. 

1. Riek of erodon reduo.d through the mulching .ff.ot; 
2. Generally .peoifio to on. type of w •• d and 
3. Effeot. gen.rally longer laeting than m.chanioal m.thoa. 

Dieadvantye. 

1. Generally (but not alwa;y.) more oo.tly than l'Il.chanioal we.ding; 
2. Timing of applioation i. usually important; 
3. Large quanti tie. of dilu.nt mu.t be oarri.d into the fi.ld (but thiB is b.ing 

overoom. by ultra low volume applioations) and 
4. Toxioity. 

NURSERY WEED CONTROL 

St.ril. Se.d B.d T.chniqu. 

U.ing paraquat (trad. name Gramoxon.), the b.ds are mad. up before transplanting and 
wat.r.d to enoourage the w •• ds to g.rminat. b.for. th.y are spra,yed. Paraquat is an ov.rall 
herbioide that kill. all green ti.su.. It is not translooat.d to the roots; therefore the 
weedB mu.t be young (no more than 5 OlD hiBb). 

Rate: 1 litre produot/ha. Can alao be used on nursery paths. 
Cost: Approximately 110.20 (about U.S.SO.32) per 30 x 1 m bed, generally cheaper than 

hand w.eding. 
Toxioity: Very hiBb if ingested, but quiokly inactivat.d in most soils. 

Fumigation 

M.thyl bromide is u.ed. It kill. we.d .eed. and pathogene, but also kills nitrifying 
bact.ria; therefore a soluble f.rtilizer must be u •• d. It is applied in gaseous form before 
tran.planting. 

ToxioitYJ V.ry hiBb. 

WEED CONTROL IN THE EfJI'AlILI ~l!NT PHASE 

DalaP,2n 

Dalapon is .pecifio to gru.... B •• t kill i. when the graese. are freshly shooting. 
It oan be mixed with 2,4-D to oontrol broadleaved weeds as w.ll. 

Rate: 6 - 10 kg active ingr.dient/ha in 100 litres water. 
Co.t: About )l15/ha (about U.S. S24/ha) 
Toxioity: Low. 

Triazines 

Simazin., atrazine, .to., act on .merging s •• dlings prinoipally throuBb root uptake. 
Som. of the n.wer fonnulations are more soluble and also act through the l.af, but generally 
sood .,il preparation is n.oe •• ary to remove the existing v.getation. Triazine. give ov.rall 
weed oontrol of mo.t epeoi •• exo.pt maize (phy.iologioal .el.otivity). 

Rat.: 1 - 3 kg activ. ingr.dient p.r ha. 
Co.t: About .15/ha (about U.S. 124/ha) 
Toxioity: Low. 
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WOODY WEEDS 

Although most savanna plantations will be established by complete clearing, some woody 
weed., mSiY still arise from roots or seed. 'The usual chemicals for their control are ? ,4-Il 
and 2,4,5-'1' or more recently, picloram. 'I'hey ma.v kill through foliar or bark spra,ys, but 
they ma,y also affect many of the I'lpecies (especially br0 ddleaves) used in savruma afforesta
tion. 

Where stumping haa not been done, coppic1ne ma;y be prevented by these chemicals, or 
ammonium sulphamate or sodium arsenite. 'l'he last is very poisonous. Generaily, chemicals 
diluted in oil give better bark penetration. 

f;lEl'HODS OF APPLICA'l'IO~T 

1. Hand. Knapsack spr~/er, often with guards to prevent drlft. Chear to bu,Y, but 
slow (1 - ? ha per day). 

2. 'I' ractor. 
Dangers of drift. 

Faster, but eround ma.y be too wet at the best time for a.pplication. 
5 - 10 ha per da.v. 

3. Aeroplane. Very fast, but need runways and support facilities close at hand. 
Independent of soil condition. Considerable d;mgers of drift. 100 ha ,! per da.y. 

HJR'I'HER I~FORMA'llON 

A useful source of further information on chemical weed control 1S the \~eed Control 
Handbook. 'I'he full references to this are: 

Fryer, J.D. & Evans, S.A. Weed Control Handbook. 
1970 

Vol. 1 Princ1ples. Blackwell, Oxford. 

F'ryer, J.D. & Makepeace, H.J. i~eed Control Handbook. Vol. II hecommendations. Blackwell, 
1972 Oxford. 
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INTRODUCTION 

It is only in the last two or three decades that the use of fertilizers 

15 11 

155 

in forest plantations has become widespread. Before that it was assumed that the expense 
of fertilizers was too great if they were used for a relatively slow-maturing crop like 
forest trees. Nowadays it is realized that if the diminishing area of land available for 
forestry is to meet the needs of a world popUlation which is both increasing in numbers 
and demanding a higher standard of living, this land must be managed to produce the 
maximum economic yield. This is being achieved by improved cultural practices, selection 
and breeding of higher yielding trees, and, in appropriate circumstances, by the use of 
fertilizers. 



- 153 -

There are two main situations in which fertilizers are needed, though there are 
borderline cases between the two. The first is where a species of tree cannot be grown 
satisfactorily on certain sites without the use of fertilizers. Examples are eucalypts, 
which need boron on many African savanna sites, and pines, which will not grow satisfactorily 
on some Nigerian Boila without added phosphate. Here the choice is simple: apply fertilizer, 
or do not grow these species on such sites. The second case is where fairly satisfactory 
plantations can be established without the use of fertilizers, but where the yield is 
increased if they are applied. In this case the decision is an economic one; do the increased 
yields compensate for the extra cost, compounded appropriately? 

The work of the Savanna Forestry Research Station in Nigeria included a series of 
experiments on the use of fertilizers in plantations. These are covered in fair detail 
by Jackson (1974). Work elsewhere in the savanna region of Africa is dealt with by Laurie 
(1974) pp. 37, 104-105. 

ESTIMATION OF FERTILIZER NEED 

A number of techniques are available for estlmating the need for fertilizers. 
Shortage of certain plant nutrients will show up in visual symptoms, such as discoloration 
and deformation of leaves and stems. With experience it is often possible to know which 
nutrient is laCking, but even if this can be done with some certainty the amount of the 
nutrient required to correct the deficiency is unknown. Frequently, also, plants show no 
outward signs of nutrient deficiency, but still give greatly increased yields if fertilizers 
are applied. 

Soil analysis is useful to give an indication of what additional nutrients are 
likely to be needed. It can be misleading, however, as certain nutrients may be present 
in abundance, and yet be unavailable to plants. An example is certain soils on the Mambilla 
Plateau, which have a high phosphorus content; yet trees on these soils show a marked 
response to phosphate fertilizers. Also different species of trees vary in their nutrient 
requirements, and a soil which has adequate supplies for one species may have insufficient 
for another. 

Studies of nutrient content of plant tissues can be valuable, but before they can 
be used the levels of nutrients found need to be calibrated against those found ln trees 
of known health and growth rate so that optimum levels can be determined. 

Pot experiments can give valuable indications of likely nutrient deficiencies, but 
it iB rarely possible to extrapolate directly from the results 0 f such experiments to field 
practice. For one thing the volume of soil available in a pot is much less than the 
volume available to the roots of a growing tree. 

Thus the basis of estimation of fertilizer needs must eventually be field experiments. 
When these have been established, results of soil and tissue analysis can be correlated 
with them, and used for further estimations. 

In field experiments, factorial designs with nutrients at, if possible, at least 
three levels each, are to be preferred. This method not only. shows what nutrients are 
needed, but also enables the optimum levels of each to be estlmated. Unfortunately the 
large areas needed for field trials of fertilizers in forestry often preclude the use of 
more than three levels of s~ three nutrients in a single trial. 
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RESPONSE OF DIFFBRnlT SP~IES ro FmTILIZmS 

Eucalypts 

Boron defioiency is a oommon cause of poor growth of eucalypts in many ~rts of the 
savanna region of Africa. It was first described from Zambia by Savory (1962). Its 
symptoms are distortion and discoloration of the leaves, followed by die back of the 
leading shoot; this dieback m~ be repeated for several years, until in the end all that 
is left is a densely branching bush. In less severe cases repeated dieback causes the 
stem to become crooked, reducing its value. 

The reme~ is to apply fertilizer borate (14 percent B) soon after planting. In 
Nigeria 5~60 g per tree has been found to be adequate, but in Zambia "at least 57 g 
are required on shallow soils in low rainfall areas, and 144 g on the deep sands or in 
areas of high rainfall" (Laurie, 1974). 

Caution must be used in applying borate to very sandy soils of low buffering 
capacity, as in these conditions boron toxicity is very likely. Considerable damage 
was caused to E.\1calyptus trials in the area north of Kano by application of borate. In 
such circumstances very light doses, repeated a number of times, should be tried. 

Eucalypts generally also respond to other fertilizers, especially phosphate, but 
quite often to nitrogen as well. There is also quite often a strong interaction, in 
that nitrogen without phosphate has little effect, and to some extent vice versa, but 
when the two are combined the effect is much greater. Particularly with nitrogenous 
fertilizers, too much can be as harmful as too little. 

Tables 1-3 give some results from fertilizer trials on eucalypts in Nigeria to 
illustrate some of these points. 

In Zambia, Laurie (1974) reports that standard practice is to apply an NPK 
fertilizer, with the proportions of 11:22:11, at the rate of 57 g per plant. This is 
equivalent to 14 g of urea (or 35 g ammonium sulphate), 70 g of superphosphates, and 
about 12 g of muriate of potash (KCL) per tree. 

In Nigeria phosphate has been found to be the most commonly limiting nutrient, and 
on many soils it is essential to add phosphatic fertilizers to obtain satisfactory 
survival and growth. Phosphate-deficient pines are typically stunted, with little 
branching, and needles which tend to turn brown at the tips. These are very similar to 
the symptoms of mycorrhiza deficiency, and it is possible that the effect of the phosphate 
acts through stimulating mycorrhiza development. 

The effect of nitrogenous fertilizers is much less, and some forms have been found 
to be injurious, especially urea. For examples see Tables 4 and 5. At Mokwa, even with 
the phosphate, growth is unsatisfactory, but the striking difference in mortality should 
be noted. 

Boron deficiency has been recorded from pines in various parts of Africa, but so 
far there are no records of trials in the savanna region. 
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Teale (Tectona gr&ndi.) 

In Nigeria, on good .ites, the general effect of applying fertilizers to teak baa 
been an improvement in growth during the first three or four yearB, after whioh the 
unfertilized plot. caught up with the rest. On poor sites fertilizers had a marked effeot, 
but even with their use growth was unsatisfactory; growth of fertilized tree. was poor, 
that of unfertilized trees even poorer. 

As teak is a relatively slow growing species, conBiderable increases in growth would 
be required to cover the cost of the fertilizer if compounded to the end of the rotation. 

Omelina arborea 

Results from trialB in Nigeria Bhowed a conBiderable variation from site to site. 
In some oases there was a response to urea but not to superphosphate, and in others the 
reverse, while elsewhere there was a marked interaction between the two. The proportions 
which, on the whole, gave the best results, were N1P205 514, when the nitrogen was applied 
as urea. In one group of trialB this combination cons1derably increased height growth in 
the first year, but oaused a marked colour change in the leaves, the lamina turning bright 
yellow while the veins and a narrow strip along them remained bright green. ThiB iB 
preBumably due to a traoe element deficiency, and iB an example of how, when one limiting 
factor iB removed, the effectB of others ~ become apparent. 

Neem (Azadirachta indica) 

Some trials were made north of Kano on a very poor Bandy Bite. Although nitrogen 
and phoBphate stimulated growth during the first two years, this increased growth was not 
maintained, and it was clear that the main obstacles to good growth were the very poor 
physioal conditions of the site, a very freely draining, almost pure, Band. Some 
encouraging results were obtained during the first two years by incorporating animal 
manure in the planting holes at the time of planting. 

TYPES OF FERTILIZERS 

There are many types of commercial fertilizers on the market, and often the decision 
on whioh one to use will depend on what iB available locally. A large proportion of the 
cost of fertilizers is freight. If a certain fertilizer is widely used in a country it iB 
likely to be imported by the Bhip load (if not manufactured locally), and will be much 
oheaper than if a load of a few tons is specially imported. This effect of freight cOBts 
alBo means that, in countries remote from a port or source of manufacture, highly concen
trated fertilizerB ~ be oonsiderably cheaper in use than less concentrated ones. For 
inBtance it may be oheaper to use triple superphosphate (45 percent P205) than Bingle 
superphosphate (18 peroent), although the initial oost of the former is higher. 

The nutrient oontent of commercial fertilizerB is usually expressed as percentage 
nitrogen, peroentage phosphorus pentoxide (P20) or its equivalent, and percentage 
potassium oxide (K20) or its equivalent in potasBium. (p20') ooniains 42 peroent P, and 
K20 contain. 70 peroent K). Thus a compound fertilizer witn the formula 11:22:11 will 
oontain the equivalent of 110 g nitrogen, 220 g phosphorus pentoxide, and 110 g of potassium 
oxide per kg. Thi. allows the cost of the nutrient. in different fertilizers to be 
oompared. 

Sometimes looal .ouroe. of fertilizers oan be looated. For instanoe in the north 
of Thailand looally produoed rook phosphate COBts *67 per ton, with 25 percent P205' 
~le .uperpho.phate (18 peroent P205) costs about *270 per ton. Per unit of phOBPhOrus 
the .uperphosphate oo.ts over 5 times as much as the rook phosphate. 
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Book phosphate is a "slow release" fertilizer, in that its phosphate is only converted 
into a form usable by plants over several years (thoush it can be released more quickly if 
the finely ground rook phosphate is mixed with sulphur). '!his is sometimes an advantage 
for forest trees, and in different parts of the world other slow release fertilizers as 
sources of nitrogen, boron, and other elements, are being experimented with quite widely, 
thoush little baa been done in the savanna zone in Africa. 

Some fertilizers have side effects which may be harmful. The harmful effects of 
urea on pines have been already mentioned. Ammonium sulphate if used over a number of 
years increases the acidity of the soil; this might not be important for some species of 
trees, but can be harmful to agricultural crops. Not harmful, but in some circumstances 
benefioial, is the fact that superphosphate contains a high percentage of sulphur in the 
form of calcium sulphate; sulphur is known to be deficient in some savanna soils. 

ME!HOD OF APPLICATION OF FERTILIZERS 

'lbe simplest method of application is to apply the fertilizer in two small patches 
on each side of the tree, 15-30 om from the stem, and hoe it in. (If the plantation is 
mechanically cultivated b,y disc harrow, the harrow will. turn the fertilizer in during 
weeding operations). Especially with borate and potassium chloride, care should be 
taken that the fertilizer does not come in direct contact with the foliage of the tree. 

The fertilizer should be applied a few weeks after planting, preferably during a 
relatively dry period, if this is possible. 
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TABLE 1 

EPPlIX:T OF FERTILIZERS ON I1lCALIP'ruS CWLPULPSIS 
PLAN'l'ED 1961 AT KAHANA., ZARIA. ASSl!3SED SEP'l'DlBIB 1912 

MEAN BASAL AREA m2/ha 

Borate 

Superphosphate 0 28 g 51 g 

0 6.1 8.4 10.4 
51 g 9.2 9.1 11.9 

113 g 8.5 10.5 10.6 

Mean 8.2 11.0 

Least significant difference means within table Z 2.25 

Least significant difference marginal means! 1.30 

No significant effects from urea in this experiment 

TABLE 2 

EFFJX:T OF FIBTILIZIBS ON mCALIP'ruS CITRIODORA 
PLANTED 1965 AT MAIRAlIO, ZARIA. ASSl!3SED SEPTDlBIB 1969 

MEAN BASAL AREA m2/ha 

Ammonium Sultinate 

Superphosphate 0 113 g 221 g 

0 4.9 4.9 5.3 

113 g 5.6 8.0 5.5 

221 g 6.1 11.5 6.1 

Mean 8.2 

Least significant difference means within table! 2.98 

Least significant difference marginal means! 1.12 

No borate added. No effect from potassium chloride 

Mean 

Mean 
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TABLE 3 

EFFI£T OF FmTILIZERS ON mCALYPTUS TmETICORNIS 
PLANTED 1971 AT AFAKA. ASSESSED MARCH 1972 

MEAN HEIGHT cm 

Ammonium Sulphate 

Superphosphate 0 100 g 200 g 

0 158 190 152 

100 g 171 189 191 

200 g 172 212 207 

Mean 167 197 

Least significant difference means within table 1 32 

Least significant difference marginal means 1 18 

TABLE 4 

EFFI£T OF DIFFmENT FORMS OF NITROGnl ON PINUS CARIBAEA 
AT AFAKA. PLANTED JULY 1969, MEASURED MARCH 1972 

Mean 

167 

184 

197 

---.. ~--- .... -
Phosphate absent Phosphate present Mean 

Mean Mean 
Nitrogen Deaths height Deaths height Deaths Height 
fertilizer % m % m % m 

Nil 12 1.17 6 2.45 9 1.81 

Urea 30 1.04 33 2.45 31 1.74 

Ammonium 16 1.10 5 2.77 10 1.94 
sulphate 

Nitrochalk 34 1.14 5 2.62 20 1.88 

Mean 23 1.11 12 2.57 18 1.84 

of Leaat significant difference of 2 mean height. 1n table _ 0.29 m 

-1 



----~-. 
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TABLE 5 

EFFEVT OF SUPJ!JU'HOSPHATE ON GROW'm OF PINUS CARIBAEA 
AT MOKWA PLANTED 1969. ASSl!::ISED SPRING 1972 

Superphosphate, g/tree Kulfo sandy 
------

percent 
survivors 

0 12 

100 71 

200 66 

Least significant 
difference 

Soil Series 

loam Ta.kumah loamy sand 
--

mean percent mean 
height, l!Iurvivors height, 

m m 

1.1 21 81 

1.9 50 1.0 

1.8 52 1.5 

=0.48 :!: 0.49 
. -----

Boron deficiency is a common cause 
of poor growth of eucalypts in many 
savanna soils, and without addition 
of borate fertilizers plantations 
such as this Eucalyptus tereticornis 
(three years old and beginning to 
close canopy) at Afaka, Nigeria, 
would not be possible. 
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Emphasis in this paper will be on village woodlots and the role of Aoacia albida and 
!. senegal in Sahel-zone forestry. 

ESTABLISHMENT OF VI LLAGE WOODLOTS 

A village woodlot is a small area, usually le8s than 5 heotares in size, to be planted 
to trees by villagers with the teohnioal assistance of the forest service. 

Arousing Public Consciousness 

The first step in oreating a village woodlot is to interest the local population by 
explaining the intended goals, how they will be expeoted to partioipate, and who will own 
the woodlot (as a rule it is the village). For an operation of rather large soope, this 
phase calls for the participation of administrative cadre, the customary ohiefs, forest 
asanta and rural extension officers. 
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Site Seleotion 

The problems of selecting a site i8 particularly diffioult because successfUl estab
lishment of woodlots oan only be aooomplished on farmland, whereas the villages naturally 
prefer to donate only poor land for woodlots. It is absolutely neoessary to refuse such 
land and to seek a oompromise, even being prepared to use a smaller plot of land than 
initially antioipated. 

Land Clearing 

Clearing of land for village woodlots is done by hand. The following steps are usually 
followed (unless the land had been cultivated previously): 

1) felling of all trees on the plot; 

2) extraotion of stumps; and 

3) removal of roots and cutting up into steres. 

Obviously, the time required for clearing will depend on the type of vegetation. On 
savanna sites moderately densely covered with Combretaceae and below the 600 mm isohyet, 
roughly 85 man-da,ys per ha will be required. 

Pegging Out 

It is not absolutely necessary that staking out be highly accurate, but trees should 
be spaced approximately 4 m apart. It is, therefore, advisable that this operation be done 
under the supervision of a forester. 

Soil Working 

In establishing village woodlots, it is best to work the s011 manually, as there is 
no justification for the use of machinery for small-scale operations; fUrthermore, a 
purpose of establishing these woodlots is to involve the villagers 1n the operation. 

Two types of tasks have to be done: 

1) initial ploughing of the entire area for the sole purpose of 1mproving the 
oatchment of the first ra1ns; this should be done with traditional farm implements; 

2) digging of holes on the land where the plantation 1S to be set out. 

Many trials of manual soil working have been conducted in the Sahel 1n order 
out which techniques are most effective. In particular, techniques devised for the 
zones of North Africa (mounding, ridging, etc) were tested and did not prove good. 
is a brief desoription of one such trial: 

Place of trial: Niger 
Total annual rainfall: 281 mm 
Treatments, corresponding to five s011 working techniques: 

A. oontrol plot (holes of pot size) 

B. digging of holes 60 x 60 x 80 em 

C. digging of holes 40 x 40 x 40 em 

D. burrowing 

E. furrowing and rid8ing 

to find 
arid 
Following 

Design: 1 species of tree, 250 replications, or 1250 plants spaced 3.50 x 3.50 m apart. 
Speoies u8ed: Euoalyptus camaldulensis 8411 
Date of planting: 11 and 12 July 1972 
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Reaults by end of November 1972: given in table below. 

TREAn.tENT A B C D E 

Peroent survival 86.8 96.4 93.6 59.2 79.6 

Height (om) of live 
plants 104 117 109 105 106 

From this trial, as well as others, the following conclusion is drawn: In arid zones 
the best results are obtained by the method of large holes ("grand potet"). 

The cost and time involved in d1gging holes vary greatly depending on the kinds of 
soil. On soils of average difficulty, from 10 to 25 holes of 60 x 60 x 60 em d1mensions 
can be dug by one man per day. The holes are then immediately filled in; 1t not being 
necessary to wait for the first rains. 

Fishbone Water Catchment Pattern 

In the arid zone most of the water that falls on the plot has to infiltrate into the 
soil; 10.ae8 due to runoff must be reduced to a minimum. It lS also advisable, If possible, 
to concentrate the water around the plants, as this can especially help them withstand a 
drought period. To that end a so-called "fishbone" pattern or deSIgn has been worked out. 
en sloping ground (no matter how alight the slope) a slIght ridging 10 cm high is requIred 
below the plants, forming for each plant a curved water retention baSIn. Two furrow-drains 
for eaoh basin lead off to two other bas1ns below. In a quincunx plantation pattern, one 
obtains the following design: 

~~~~~~~ 

/\/\/\/\/\/\/ 

This has proven to be a perfectly efficient deSign, as it effectively conoentrates the 
vater around the plants. 

Measurementa have been taken in Huch an arrangement to determine the soil water oontent 
around the plants and between two plants. The following average figures were obtained one 
month after the end of the rainy aeasonz 
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soil water oontent around the plantt 4.92% 

between two plantsr 4.11% 

These notable differenoes are maintained for up to 6 months following the end of the rains. 

Construction of the fishbone pattern is done entirely by hand and requires only a few 
man-d~s: 15 to 20 per heotare. However, careful instructions m~ need to be given before 
the work is started. 

Fencing 

For any plantation in the arid zone, fencing is absolutely essential and indeed is 
d " so Wh ' , eO~Slve ~or suooess. ere there is no fencing or if the fencing is poorly made or not 
kept up, livestock quickly penetrate and can ruin the plantation within a few hours. 

There are several possible types of fenCing, including barbed wire, grillwork and 
live hedges. The simplest and most rustic type, requiring no investment of funds, is the 
"zeriba". By zerlba is meant an entanglement of spiny or thorny branches kept erect by 
wooden stakes. If well made, lt is fully efficient as a fence but it has to be kept in good 
condition. About 180 man-hours are required to erect a 1 000 m long zeriba. 

Planting 

Although termite damage in the arid zone is generally rather limited and termites are 
often incorrectly blamed, as they often appear to devour deadwood of plants of the previous 
season, whenever possible it is necessary to give the soil an anti-termlte treatment, 
usually with dieldrin, prior to planting. In such cases, the technical assistance service 
must be oalled on to help. 

An absolute rule is that planting must be done after the rains have started. From 
experience it is known that this is generally around 15 July in the Sahel. It is alw~s 
too riSky to plant in June and it is too late to plant in August, the best planting season 
being, in at least 90 cases out of 100, between 15 and 30 July. 

In the arid zone it is always necessary to set out potted plants (see also paper 
entitled "Soil mixtures, use of containers and other methods of plant raiSing", page ). 
Dependlng on the nature of the soil, one should use either neem (Azadirachta lndica), 
Cassia siamea, Prosopis chilensis, Parkinsonia aculeata or certain African acacias 
(!. nilotica var. aaanson~l, !. seyal, A. nilotica var. nllotica, !. tortilis, etc.). 
These plants will be furnished by the nearest forest tree nursery. Planting is an easy 
task but it may require oertain preliminary explanation (especially regarding the cutting 
away of the bottom of the pot). It is relatively rapid, requlr~ng a maximum of 8 man-days 
per ha. 

Maintenance 

Unfortunately it often happens in the Sahel that plantations set out under good con
ditions are not well maintained, usually for lack of funds or follow-up of the operation. 
Even if such plantations are not ravaged by fire, their growth is very poor because of the 
tremendous oompetition from grasses, causing the forest trees to suffer and die for lack of 
water for whioh they are obliged to compete. 

During the first year after the plantation is set out maintenance work has to be done 
twioe _ once during the rainy season before the grasses go to seed, that is in the second 
half of August and again at the end of the rainy season, during the first half of Ootober. 
The maintenano~ work done at the end of the rainy season needs to be repeated in the seoond 
and third years.- In subsequent years such maintenance seems desirable but is not absolutely 
essential. Maintenanoe is done with traditional farm implements (the hoe or 'daba' and 
'hilaire' in partioular). 
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ACACIA ALBIDA 

Aoaoia albi4a has many looal names - it is called 'gao' by the Haoussas, 'cadde' by 
the Wolof., 'balanza' by the Bambaras, 'zaanga' by the Mossis and 'tchaski' by the Peuls. 
It is a oommon tree in many farming areas of the Sahel-Sudan zone. 

It is a valuable tree for farmers because it enriches the soil and, being decidious, 
loses its leaves during the rainy season so that it does not 1nterfere w1th crops. ThlS 
charaoteristic has long been recognized and it deserves the name of "mira.cle tree" Given it. 

The following sections on A. albida will provide some s~ccinct lnformation,in annotated 
outline form, which shows the value of this species and indicates plantinG costs in French
speaking arid countries of Africa. 

Acacia albida and the Farmer 

Research in Senegal by I.R.A.T. demonstrated the beneficial effect of Acacia allnda 
on soils. Inoreases in soil properties under !. albida were: 

7% - cl~ content 
134% - assimilable phosphorus 

60% - total carbon oontent 
43% - equivalent mOisture, consequently, water retenti.on capac1ty 

100% - total nitrogen 
100% - exchangeable calcium content 

70% - exchangeable magnesium content 

In Nige~O.R.S.T.O.M. measurements showed that the increase in the contents of certain 
minerals in soila under Aoaoia albida corresponds to the following quant1t1cs of fertllizers 
and soil amendmentsz 

synthetic 
potasSium 
bicalcium 
dolomite 
lime 

fertilizer 
chloride 
phosphate 

- 50 to 60 t/ha (300 kg of organic n1trogen) 
50 kg/ha (24 kg of potassium) 
80 kg/ha (31 kg of soluble P20S and 25 kg of 

- 125 kg/ha (15 kg of Mg and 25 kG of Ca) 
100 kg/ha (/f3 kg of Ca) 

Ca) 

The reasons for the beneficial effect of !. albida on the soil are the fo]10w1ng: 

1. very active decomposition of leaves when crops are starting to sprout; 

2. fertilization by livestock which finds shade under the acacia; 

3. diminution of dessication by wind, and of evapotranspiration during the dry 
season, as well as of leaching by rain, and of fluctuations in temperature 
at all seasons; 

4. possibility of fixing atmospheric nitrogen; 

5. bringing fertilizing elements up to the surface from very deep in the soil 
(in relation with point 1). 

The fertilizing and improving action of A. albida on soils 1S beneficial to crops. 
In experimental plots of I.R.A.T. in Senegal mean yields of millet were: 

a. 600 kg not under !. albida (traditional millet growing); 

b. 1 000 kg at a distance of 5 m from !. ~ stems and 

o. 1 700 kg at le.8 than 5 m from the tree. 
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Planting under A. albida it is possible to obtain millet yields three times greater 
than thoBe in open fieldS'We"re there are no Acacia. 

Acacia albida and Stockraising 

A. albida is valuable a8 forage and fodder crop. The leaves are edible and assimilable. 
As regards protein content, they provide an excellent forage or fodder. 

As for the poda, a yield of from 400 to 600 kg m8\Y be obtained from a stand of 60 
acacia. per ha, equivalent to the fodder consumed between two over-wintering periods. 

Planting 

The planting of one hectare of Acacia albida at the rate of 100 stems spaced 10 x 10m 
apart, preferably in quincunx, costs ~30 000 CFA francs. Spacing of 10 x 10 m is opti
mum. 1'ven when reduced to 50 trees per hectare due to gaps, failure to take, natural 
selection or artificial thinnmg, the trees still cover the sOll, yet wlthout InterferIng 
with the use of draught animals in crop farmlng. 

Operation 

Haislng of 100 nursery plants In polyethylene wrappings 

Marking out the plantation area., soll prcparatlon nnd 
staking out 

10 man-days at a rate of LIOO CFAF,/man-day 

2 man-days at a rate of 600 CFAF/man-day 

Tr~lsportlng of nursery plants to the plantatlon grounds, and 
dlstribution on the ground (using an all-purpose vehlel€') 

Actual plantlng 

3 man-days at a rate of l~OO CFAF /man-day 

Small implements 

Surveillance and protection against livestock 

1st year 
2nd year 
3rd year 

These costs are distributed as follows: 

1st year 
2nd year 
3rd year 

21 000 CJi'j\ F 
5 000 C.F'A F 
11 000 CFA F 

TOTAL 

Cost (CI"A F) 

3 500 

,) 000* 

200 

5 100 

200* 

000 

5 000* 
5 000* 
~ 000*' 

30 000 CFA F 

* These prices m8\Y possibly be reduced lf, as lS desirable, the local popUlation 
is directly involved in the operation (bonuses awarded for good plant survival). 
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ACACIA SENEnAL 

As for Acaoia albida, it would be possible to discuss !. senegal, the gum-tree, at 
great length. Here only certain ideas will be expressed relative to the various possibili
ties for its use offered foresters in the Sahel - that is, the establishment of groves of 
gum-trees. 

Organization of Gum Gath~ring 

Nomadic, pastoral peoples generally collect gum, provided a market for it exists. 
To illustrate, little more than 20 years ago the production of gum in a country like Chad 
was insignificant, certainly less than 100 tons per year. Then in the geograph1c departments 
of Ouaddai and Biltine a publicity camp&1gn was launched and an agency was set up to pur
chase the gum at a price fixed annually. This caused a considerable increase in the annual 
production in Chad, to about 2 000 tons in the years 1965 to 1968. 

Sinoe then there has been a spectacular decline in the production of gum in Chad, now 
running from 200 to 300 tons annually. Certainly the drought in reoent years was largely 
responsible for this decline but it was acoelerated by the almost complete stoppage of 
publioity and a purohase prioe that offered no incentive whatsoever; in fact, a good portion 
of the gum produced had to be sold in the Sudan. 

Wherever natural stands of gum trees exist, the first step to be taken is therefore 
to make the population aware of the value of this commodity, to be followed by organization 
of the market and setting of good incentive prices. 

Safeguarding Natural Stands 

The gum-tree is a pioneer species that gains a foothold on abandoned land, especially 
former cropland. Gum-trees grow in virtually pure, even-aged stands and start to produce 
at about five years of age, continuing up to 25 years of age; they then grow old and d1c 
off at from 40 to 50 years of age. As a rule, no natural regeneration occurs under gum
trees. Consequently where there were gum-trees in full production, around the years 1940 
to 1950, there are now dying stands on land which bear no other trees. Th1s is what was 
observed during a study tour on the gum-tree in 1972 in Niger, in the 'manga' country, 
where the only large stands of gum-trees that were seen were outside classified forests. 

Spots where regeneration is occuring, sometimes large ones, do appear almost every 
year on abandoned land. These regeneration spots will turn into future gum-tree stands but 
they are exposed to three hazards, especially during the first 3 years, namely: flre, llve
stock browsing and renewed crop growing. 

It seems that a wellthought out gum-tree policy should have among its goals, and 
before any planting work is undertaken, the safeguard1ng of such naturall;:,r regenerated 
stands. Also forest laws should give foresters the authority to protect young gum-tree 
stands discovered in this was- so long as they continue to produce. This solution, \vhi cl, 16 
being developed in Niger, seems far preferable to establishment of man-made stands. 

Man-made Gum-tree Stands 

The planting of potted gum-trees om land that has been worked is easy from the techni
cal standpoint but a heresy in economic terms beoause of the high cost of working the soil 
and planting. 

It waa thought that it would be possible to establish man-made gum-tree stands by 
direot seeding after harrowing of the soil. This is technically possible but definitely 
raises the question of proteotion. However, from results obtained with the gum-tree project 
now underwa;y in Chad in the Chari Baguirmi (a EIlropean Deve lopnent Fund. - EDF pro jeot ) , 
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this is a technically feasible solution only if the soil is harrowed after the first rains. 
It appears that it is impossible to work large areas by maohines because they can be used 
for on~ 15 ~s to one month, it being neoessary to have a rainfall potential of 250 mm 
after seeding. Such a solution is therefore only possible if done by the local farmers, 
as in the Sudanese system. 

The Sudanese System 

The Sudan supplies 80 to 90% of the world market for gum, this being due to the fact 
that the gum-tree is inolu~ed in the normal crop rotation. In that part of the Sudan where 
gum-trees are grown, the farmers practioe the following rotation: 4 to 5 years of millet 
groving and about 20 years of gum-trees. The soils are appropriate for this purpose. Gum
trees are grown and gum collected by farmers; this makes po.sible the practioe of tapping 
the trees, a practice which is almost impossible to develop in oountries where nomadism is 
usual, nomads not being gum gatherers. 

It is in those parts of the Sahel where there is a settled farm population and whioh 
lie within the natural range of the gum-tree and in ita production area, that this solution 
is advisable. The matter of production area is particularly important because the gum-tree 
yield8 little or no gum when it grows on sites which get too much water (500 mm). Apparently 
the trial development of gum-trees in Assale, Chad, failed to take this partioular aspeot of 
the ecology of the gum-tree into account. 
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Irrigated foreBtry plantationB have been eBtabliBhed in the drier partB of ABia for 
nany yearB; the famous Changa Mulga plantationB in the Punjab were begun in 1666. In the 
savanna region of Afrioa, on the other hand, there haB been relatively little development 
of irrigated plAntationB. The moBt important area in whioh they have been eBtabliBhed iB 
in the Gezira area of the Republio of the Sudan. ThiB paper, therefore, will begin with a 
deBoription of the plantationB in the Gezira, and then go on to diBousB Bome more general 
problems of irrigated plantations. 

THE SUDAN GEZlRA 

The Sudan Gezira is a vaBt plain, of alluvial origin, lying between the Blue Nile and 
the White Nile Bouth of Khartoum. The rainfall rangeB from about 150 nun near Khartoum to 
about 550 I11III in the Bouth. The BoilB are moBtly dark oraoking OlaYB, or vertiBols, with a 
high pH (over 8.5), and high olay oontent. During the dry BeaBon they are divided into a 
network of deep and wide oraokB. When the Boil iB moiBt these olose, and further penetra
tion of .. ter into the soil beoomeB very Blow, BO muoh BO that no matter how much water iB 
applied to the surfaoe of the soil, moisture movement below two or three metres is 
negligible. The original vegetation waB probably nainly open graBsland in the north, 
Acaoia _l1ifem so rub in the oentre, and open Aoacia seya.l-Balanites aemtiaoa woodland 
Iii the 80lEth. 
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The Gezira Irrigation Soheme 0&1118 into being in the years illlllediately following the 
First World war. It was baaed on the oultivation of long--staple ootton as a oash orop and 
sorghum as a subsistenoe orop for the farmers. The soheme was originally a partnership 
between the Sudan Government, the tenant farmers, and a private oompany, the Sudan 
Plantat ions Syndioate, who shared the prooeeds of the ootton orop in the ratio of 40 per 
oent, 40 per oent, and 20 per oent respeotively. Other orops, inoluding the sorghum, 
were entirely the property of the tenant farmers. '!he Government oonstructed the dam at 
Sennar and the major irrigation works, and _s responsible for supplying the irrigation 
water; the oompany took oare of teohnical supervision of agrioulture in the field, and of 
marketing the ootton orop; and the tenant farmers provided the nanpower. A few years 
before The Sudan attained independenoe in 1955, the Government bought out the Sudan 
Plantations Syndioate whose funotions were then taken over by a quasi-Government organiza
tion, the Sudan Gezira Board. 

The amount of water whioh oould be used in the Gezira was regulated by the Nile Water 
agreement with Egypt. This has since been amended several times, but originally allowed 
free use of water between August and Deoember, when the Blue Nile was in flood; between 
January and IIkroh water use was restricted to the amount whioh could be stored in the 
Sennar reservoir; while from March onwards water supplies were severely rest rioted to the 
drinking water needs of stock and people, and very limited irrigation of orohards and 
other perennial crops. 

In the early years of the Gezira soheme the Sud.a.n Plantations Syndicate was strongly 
opposed to the establishment of forestry plantations, on the ostensible grounds that the 
trees might harbour ootton pests. However in the mid-1930's it was possible to begin 
irrigated plantations on a small scale, partly on land allotted for resettlement of the 
people who were moved from their homes when the Jebe 1 Aulia dam was established on the 
White Nile (to help regulate water supplies in Egypt), and partly on land managed by a 
smaller oompany, the KaSBala Cotton Company. This company had been formed to grow ootton 
in the (]a.sh delta, near KaSBala, but local opposition prevented this and they were given a 
oonoession in the Gezira area instead, on similar terms to those enjoyed by the Sudan 
Plantat ions Syndioate. After the formation of the Sudan Gedra Beard irrigated plantations 
were extended to other parts of the Gezira. 

The original irrigated plantations were of two types, village woodlots on a very small 
scale to provide firewood and small timber for individual villages, and larger areas of 
plantation, usually on land relatively unsuitable for ootton. The village wood lots were 
on the whole a failure, as it was difficult to protect these small soattered areas, 
especially from the depredations of goats and other domestic livestock. The other areas 
were more suooessful. 

A number of speoies were tried in it ially including neem (Azadiraohta indica), sunt 
(Aoaoia nilotica), sissoo (Dalbergia sissoo) and various eucalypts. Sunt was disliked as 
it provided a refuge for grain-eating birds, and neem was susoeptible to moderate salinity. 
Sissoo never did very we 11. The most promising speoies was found to be Eucalyptus 
miorotheoa F.V. Mull. (including E. coolabah Blakely and Jacobs). This is a speoies 
occurring near seasonal water-oourses in dry regions of Australia. Its form is not very 
good, and, for a eucalypt, its growth rate is not very rapid; however it has the supreme 
advantage of being able to withstand the long, hot period between.Maroh and August when no 
irrigation water is available and there is very little rainfall. 

Originally the Eucalyptus seedlings were raised in metal oontainers 25 om long by 
1.5 om in diameter, made from old petrol tins. They were slit up one side, and provided 
with tabs so that they oould be removed when the seedlings were planted and re-used. 
Nowadays these oontainers have been replaoed by polythene tubes. The potting mixture was 
river silt mixed with sand, and the seed was sown direot into the tubes. No anti-termite 
treatment was used. 
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Before planting, the area was ploughed with a very large plough to produce a series of 
low ridges, separated by ohannels, the ridges being 2.4 to 2.7 metres apart, and 60 om to 
1 II vertically from orest to hollow. The plantations were irrigated by letting _ter into 
the ohanne1s between the ridges. 

In theory the plantations were irrigated at 15 day intervals from August to MLroh. In 
praotioe this was not often attained. During periods of water shortage ootton and other 
orops had priority, and so one or more vateringe might be missed at times of high water 
deaand, partioular1y in September and Ootober. On the other hand, the plantations were 
often used as dumping grounds for surplus water and some suffered from water10ggg~· • Thus 
inorement rates have been very 'W'leven, ranging from just over one to nearly 10 rr?/ha/year. 
A good' average yield from fairly regularly watered plantations would be about 6 fha/year 
for first rotation trees, with about 25 per oent more from subsequent ooppioe rotations. 
The normal rotation is 8 years for the first rotation, and 6 years for subsequent ooppioe 
rotations. 

LATER DEV'ELOPltENTS IN THE SUDAN 

In the early 1960 's work was begun on the establishment of an irrigated "Green Belt" 
to the south of the city of Khartoum. The first part was irrigated by purified effluent 
from the reoent1y installed Khartoum sewage works; later extensions reoeived their water 
from a canal. In this area year-round watering was possible, and thus a muoh wider range 
of species oou1d be grolCl'l. Among the more promising are Conooaryus lancifolius, Eucalyptus 
cama1du1ensis, and!. teretioornis (espeoia11y the ~sore provenance). 

The Khartoum Green Belt included some areas of very saline soils, and there were 
doubts on how these would behave under irrigation. However, in the early stages at any 
rate, although there NaS oonsiderab1e deposition of salt at the soil surfaoe in some 
plaoes, it was still possible to grow satisfaotory tree crops. 

SO)lE GENERAL ASPECTS OF IRRIGATED PLANTATIONS 

Water Requirements 

Water needs will vary with the olimate, the type of soil, the species of tree to be 
grown, and the method of applioation. Obviously in hct, dry climates where there is a 
high rate of potential evapo-transpiration the amount of water needed will also be high. 
A very permeable soil, whioh allows much of the water applied to percolate to beyond the 
rooting depth of the trees, will need more water than a less permeable soil; in permeable 
soils there will also be greater losses in oana1s, unless these are lined. Drought tolerant 
species will need less water than more mesophytic species. Water requirements can be 
reduced by speoial methods of applioation (see below). 

In the Sudan Gezira reasonable growth of Euoalyptus microtheoa has been obtained from 
the applioation of about 1100 mm of extra water, by irrigation per year, but Foggie (1967) 
oonsiders about 1700 mm is neoessary to obtain optimum growth. In the Central Gezira the 
total amo'W'lt of water reoeived, inoluding rainfall, would be about 1550 and 2050 mm 
respeotive1y. In Pakistan the optimum water requirements of five year old Dalbergia sissoo 
were estimated at 1200 mm, but rates as high as nearly 2000 mm were applied (Siddiqui, 
1967). In Iraq, aU1~ur and Nouri (1975) estimate water application in existing plantations 
at between 200 and 800 mm annuall~, but suggest that optimum water requirements might be 
oonsiderab1y higher (1200-1360 mm). All this data is from furrow irrigation. 
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Quality of Water 

The "lower the salt-oontent of the water, the more suitable it is for irrigation. In 
this respeot the Sudan Gezira is fortunate, in that the Blue Nile water has a low salt 
oontent and is of high quality. However in other countries, especially Kuwait and Abu 
Dhabi, water of a fairly high salt-content has been successfully used for irrigating tree 
orops. If saline water is used, larger quantities must be supplied, to leach the salts to 
depths where they will be harmless to the threes (Wormald, undated). 

METHODS OF APPUCATION OF WATER 

The most oommon method is by furrows, either very large furrows as used in the Sudan 
plantations, or in smaller trenches for instance 30 em deep, as in Pakistan. In the 
Khartoum Green Belt, Where furrows 2 m wide by 60 cm deep were used, Bosshard (1966) 
found some advantages in applying water to every second or third furrow only once the 
trees had established their root systems (one year or more after initial planting). The 
use of very large furrows, as in the Sudan, will tend to increase losses of water by 
evaporation. 

Flood irrigation, of level land, has generally been found to be impractioable for 
tree crops, as it is very diffioult to obtain uniform distribution of water using this 
method. 

Of more sophistioated methods of irrigation, rotating sprinklers were used at Malam 
Fatori on the shores of Lake Chad in Nigeria, to establish a provenanoe trial of 
Eucalyptus oamaldulensis. This was on a permeable lacustrine sand, and irrigation was 
applied for one year only, until it was oonsidered that the tree roots had reached the 
water table. Over most of the area results were very good, the trees of the best 
provenanoe producing an average of 87 m3/ha (solid volume) at the age of 4 years. On a 
small area of slightly higher ground, more distant from the lake, growth was poorer and 
there were some deaths from drought. This method, although needing a fairly heavy capital 
outlay, is worth oonsidering in areas where there is a high water table, and only 
temporary irrigation is needed. 

Drip irrigation, developed originally for fruit trees, has been used for establishing 
forest plantations in Abu Dhabi (Wormald, undated) and experimentally in Pakistan (Sheikh 
and Masrur, 1972). In Abu Dhabi the water is pumped from wells to a oontrol head and 
filter. From the control head it is piped through polyvinyl chloride laterals 10-15 mm in 
diameter, whioh are provided with nozzles at intervals. These nozzles are designed so 
that, provided a constant pressure is maintained in the drip lines, a fixed quantity of 
water per hour is delivered through eaoh nozzle. One nozzle serves each tree. This is 
again a method requiring a high capital outlay, but is the most eoonomioal in the use of 
water: in the experiments in Pakistan, drip irrigation used only 22 percent as muoh water 
as trenoh irrigation, and 15 percent as much as flood irrigation. 

CHOICE OF SPECIg) 

Here it is impossible to generalize. The use of Euoalyptus microtheoa in the Sudan 
Gezira was diotated by the peculiar circumstances there, in the ~oil type and in the times 
at whioh water was available. For most other areas it is probable that better species oan 
be found. Some further referenoes to ohoice of species for irrigated plantations, and on 
irrigated plantations generally may be found in Laurie (1974) pp. 44-47, 49. 52, 114-11 5, 
and 141. 
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The term shelterbelts will be used to embraoe live hedges and windbreaks. This 
paper is oonfined to arid tropioal Afrioa. 

LIVE HEDGES 

General Remarks 

From experienoe in reoent years one oan make some very positive statements on oertain 
points pertaining to the growing of live hedges in the Sahel-Sudan zone, viz: 

a) Any planted stand not proteoted during the first three years of life is doomed 
to failure. 

b) No live hedges are absolutely impenetrable to livestook, partioularly goats, 
either beoause of failed spots or beoause the lower portion of plant stems 
beoome more or less bare in time. 

0) Not even barbed wire fenoes will keep livestook out; a oommon sight is goats 
foroing their way on the run into areas proteoted with five rows of barbed wire! 
Fenoing of this type moreover never res is ts the assault 0 l' large an imals very 
long (by large animals is meant oows, oamels, antelopes, giraffes, eto.). 

d) The oombination of live hedges plus barbed wire fenoing prov~des almost oomplete 
proteotion against invasion of protected areas by animals. From the above it 
follows that live hedges should be planted inside enolosed areas up against the 
fenoing whioh delimits them. 

Tree Speoies that oan be Used 

The main reason for planting live hedges is to proteot oertain areas against 
intrusion by animals. The speoies to be used must therefore form a oontinuous shield that 
is diffioul t for animals to break through beoause of entanglement of branohes and/or the 
presenoe of thorns or priokles. The speoies used should be of limited height and pruning, 
olipping or outting should be possible. 

If it is possible to make a ohoioe between several speoies, other possible uses of 
live hedges should be looked into, namely, supplying forage or fodder, or produoing edible 
seed, nuts or fruit. 

Pro so pis 

Prosopis juliflora (= f. ohilensis), or mesquite, is a spiny deep-rooted tree or shrub 
of southwestern USA, Mexioo, Venezuela, Peru and Colombia. This is the speoies most oommonly 
used as live hedges due to its rapid growth, ease of produoing nursery stook, the high rate 
of "take" on appropriate soils and its ease of olipping. Disadvantages are its small 
spines, which make it not entirely impenetrable, and its tendenoy to shoot up in height so 
that frequent topping is neoessary. 

Seeds. Prosopis seeds number from 20 000 to 35 000 per kg. Fruiting ooours around 
the mo~f Maroh. When old seeds are used it is neoessary to dip them in boiling water 
and then let them cool for 24 hours before sowing. 

Additional uses. Prosopis is also used for fuelwood and stakes bearing inscriptions. 
The leaves yield an excellent forage or fodder and their shoots are relished by animals. 
There are 0.10 forage units per gross kg containing 15 grams of digestible protein per gross 
kg. The dr,y matter yield per hectare may amount, in irrigated plantations, to twelve tons 
per year. 
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~. Proaopia adapts well to many types of soil except those that are two Bandy or 
in bottomlands 80 wet a8 to asphixiate it. 

Acacias 

There are about 24 apecie8 of Acacia in Africa but only a few of them have been 
experimented with as live hedges. 

Acacia nilotica var. adansonii. This species is particularly well adapted to arid 
lands and can also grow fairly well on sandy soils. Its rate of growth, although less than 
that of Prosopis is fairly rapid. The size (from 6 to 10 cm) of its very hard, straight 
white thorns makes it a species that is highly recommendable as a live hedge. 

Seeds are collected in December in stands along watercourses and near stagnant ponds. 
The Beed has to be scarified in boiling water before being sown. It is sown directly in 
pots in March, with an 80 percent germination rate. 

Acacia seyal. This Acacia is usually grown on loam or sandy-clay soils that are 
flooded during the rainy season. Sometimes however it is found on hill crests that remain 
dry all year round, so there could be several races. When grown as live hedges it gives 
good results, and this is probably also true of its close relative, Acacia ehrenbergiana, 
which is suited to drier Boils. 

Acacia ataxacantha. We have had only limited experience with this sarmentous or 
rambling species which, because of the intertwlning of its branches and lts big thorns, 
should be excellent for live hedges. The plants are easily grown in nurseries but we have 
always found that when it was planted out ln the fleld the "take" was not good. We do 
know of one instance of a successful planting of a live hedge of this species. 

Parkinsonia aculeata 

This sarmentous bush has terrible thorns, but if not pruned quickly it tends to 
become barren at the base. This species succeeds better on heavy than on sandy soils. 
Paradoxically, the finest specimens that we know of are found at far northern latitutes 
(Agad~z, Niger, 17°N) with a rainfall of 150 mm. 

The seeds have to be emersed in boiling water prior to sowing. The seeds are 
gathered from November to February and sown in pots or in beds from January to February. 
When planting in pots care has to be taken to move them occaslonally because of the taproot 
which tends to grow out of the pot quickly. 

Ziziphus 

There are in the Sahel several species of Ziziphus, the most common being ~ 
mauri tiana and mucronata. The seeds have to be sown in pots because pricking out is a 
very delicate matter. Sowing is done toward mid-February. Raising in nurseries and 
plantation i8 easy, and the live hedges are particularly thick and inextricable, although 
once they have been set out in plantations growth is rather slow. 

Bauhinia refescens 

This species produces one of the best live hedges we know of. There is virtually 
no problem with it in the nursery (sowing is done in January or February) and it adapts 
well to a wide range of soil types. Take is not always excellent however. 
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Planting of Live Hedges 

Planting should be done as soon as the rainy season starts, usually about 15 July. 
A spod live hedge consists of two, or even better three, rows of plants spaced 80 cm apart 
in quincunx formation. Prior to planting subsoiling should be done or else 50-cm deep 
trenches should be dug and re-filled. Topping the plants in the nursery (cutting 5 cm from 
the top when the plantB have reached a height of about 20 cm) favours the growth of low 
branches. 

WINDBREAKS 

Winds 

There are two wind regimes in the continental Sahel - dry season winds and rainy 
season winds. The harmattan dry season wlnd blows very regularly each morning from about 
9 to 13 hours from November to March. It is a hot, dry wlnd usually from the northeast. 
Rainy season winds are much more regular and may blow in real squalls from May to 
September, generally from the south or southwest. 

Windbreaks aligned in the NW to SE direction will therefore be of maximum effectiveness 
against either the harmattan or the rainy season winds. 

Effect of the Wind 

Winds affect both soil and vegetation in several ways: 

a) by causing soil erosion; 

b) by mechanical impact on vegetation; and 

c) by affecting evapotranspiration. 

Windbreaks 

Here we shall discuss only live windbreaks consisting of trees or bushes or even 
simple rows of annuals such as millet, sorghum and certaln grasses (Pennisetum purpureum). 

Windbreaks as Mechanical Obstacles 

A windbreak separates two zones: the windward one, that is, the one on the side from 
which the wind blows, and the leeward one, that is, the one on the side where the wind 
passes. As a rule it is said that a windbreak protects a distance up to its own height on 
the windward side and up to 10 to 12 times its height on the leeward side. 

The effectiveness of the windbreak depends on its permeability. Low permeability 
lessens the speed of the wind but beoause it creates turbulence, the protected area is 
smaller. Optimum permeability is that with 40 to 50 percent of space (i.e. 50 to 60 percent 
density of vegetation). Gaps in the hedge are particularly dangerous because the wind 
rushes violently into them; therefore, windbreaks must be continuous. The thickness of 
windbreaks is of little importanoe and,provided that there are no gaps in theory, a single 
row of trees suffices. 

Windbreaks should be at least 12 times as long as they are tall in order to eliminate 
turbulenoe along the sides. 
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Maximum protection is afforded when the windbreak runs perpendicular to the direction 
in which the wind blows,so it is very important before planting windbreaks to make a thorough 
study of local winds and make a graphic representation showing the relative strength of the 
winds blowing from different directions. 

The length of the protected zone (10 to 12 times the he~ght of the windbreak) is 
lessened as the speed of the wind increases so it is almost always necessary to plant 
several parallel successive rows in order to protect large areas~ Optimum spacing between 
rows is from 10 to 20 times the height of the windbreak. Closer spacing increases air 
turbulence and diminishes the effectiveness of the system. 

Effect of Windbreaks on Microclimate 

Windbreaks in addition to presenting mechanical obstacles also affect the microclimate, 
and the importance of this is no less great than that of reduc~ng wind speed. Generally 
speaking, windbreaks diminish evapotranspiration. Experiments conducted in the USSR in 
1953 enable certain authors to state that water losses due to evaporation are reduced by 
at least 20 percent in the Bhelter of windbreaks. This reduction of evapotranspiration 
leads to increased photosynthesis in the vegetation, the stomata remaining open for a 
longer part of the day. In arid zones, however, windbreaks cause increased evapotranspi
ration due, in particular, to the fact that they themselves evaporate large quantities of 
water; to compensate for this water deficit it is necessary to irrigate. 

On the other hand, as a rule windbreaks even out extremes of temperature, raising 
the lowest temperatures and lowering the highest, which helps provide better growing 
conditions for vegetat~on. 

The result of these changes in microclimate is markedly increased y~elds of the 
protected crops. 

Yields decrease slightly in close vicinity to windbreaks due to the effect of 
shading and to competition of the plant roots, but this competition occurs only on a strip 
of land not more than half the height of the windbreak in width while yields of cereal 
grains on the entire plot may be increased by as much as 40 percent. This increase is 
higher in dry climates with plants whose roots do not penetrate deep, such as prairie 
grasses. 

Summing up, windbreaks are always beneficial to crops not only because of the pro
tection they afford against the mechanical impact of the wind but also due to their 
influence upon the microclimate due to a marked increase in photosynthesis of the plants 
that is translated into a higher crop yields. In arid zones the use of windbreaks should 
however be confined to protection of irrigated districts. 

Planting of Windbreaks 

The most usual type of windbreak consists of one or several rows of trees. 
Theoretically one row should suffice because windbreak width is to little importance, 
but it is alW~B possible that several trees will die leaving a gap which spoils the 
effectiveness of the entire windbreak. Furthermore, when the tr~es are cut it is necessary 
to be able to leave at least one row standing in order for the windbreak to continue to 
perform its function. Finally, young trees are better protected against violent winds if 
planted more thickly. Experience has shown that the most effective windbreaks are those 
oonsisting of at least four rows of trees, that is, those from 10 to 12 m wide. 

If the windbreak reaohes 10 m in height and protects a strip of land 12 times that 
height windbreaks 10 m wide should be set out every 120 m. The maximum amount of land 
that they occupy with their roots is 20 m (10 m for the windbreak prope~ plus 5 m of roots 
extending on either side), all together 16 pe~cent of the ~ropland. Th~s seems to be a 
reasonable proportion oonsidering that crop Y1elds may be 1ncreased by as much as 40 percent 
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beoause of the oombined meohanioal and ~iologioal effeot of windbreaks on the vegetation; 
but it is best not to exoeed this size of windbreak. 

The speoies used for windbreaks should insofar as possible have the following 
characteristiosl adequate height, rapid growth, evergreen foliage, compact form, limited 
root oompetition and resistanoe to windfall and wind breakage. 

Planting should not be too close in order to allow sufficient air permeation of the 
windbreaks. Trees should therefore be spaced not less than 1.50 m apart. 

For the rest, the manner of soil preparation and planting are the same as those in 
conventional reforestation work (subsoiling or digging of holes 50 x 50 x 60 cm). However, 
since in this oase what one is dealing with are row plantations usually cutting across 
grassland or cropland where animals are allowed to pasture on stubble or straw, special 
attention should be paid to the protection of crops or plantations, lest the success of the 
operation be jeopardized. To that end it may be advantageous to plant thorny vegetation 
along the edges of the windbreaks to protect forest tree species from livestock. 

Finall~, no matter what species is used, the correct planting dates must be respected 
(cf Prosopis). 

Maintenance of the windbreaks is indispensable in order to: 

a) make sure that they remain continuous (obviously replacement of any failed 
trees is necessary) and 

b) prevent them from becoming too thick and consequently absolutely impervious to 
wind; the branches therefore have to be clipped or trimmed frequently. 

It is best not to top the trees, since the size of the protected zone depends on the 
height of the windbreak. 

EmTIRONMENTAL RJR]STRY 

Under this heading one could discuss planting of woodlots inside or around the large 
towns of the Sahel and even the growing of ornamental trees. We shall not elaborate on 
these points, however, exoept possibly during the diSCUssion, considering it preferable 
here to speak of the role of trees in sand dune fixation, a very important matter for 
maritime countries. Senegal, for instance, is at present taking new steps along these 
lines. 

Formation and Development of Sand Dunes 

Whenever regular violent winds blow over vast expanses of sandy desert, sand dunes 
are formed. There are continental dunes, particularly in the Sahara, but more often such 
dunes are formed along the sea coast, on the sandy shores at sea level swept by regular 
winds (in Africa and Madagascar, usually the trade winds). 

When sand dunes are not oovered with vegetation or when, for any reason whatsoever, 
whether it be repeated passages over the land, pasturing or grazing of herds and flocks, or 
cropping, whatever vegetation onoe covered them has been destroyed, they start to move in 
the direction of the wind at a speed which ~ attain as much as 10 m per year. When this 
happens they oover everything as they move along - crops, plantations, roads and rail~s 
and sometimes even houses and villages; all the inhabitants can do i. to abandon land 
invaded by moving sand dunes. 

To prevent this from happening and in order to protect engineering works and crops 
against being oovered with sand, the vegetative cover has either to be established or 
re-established, this being the most effeotive protection against soil erosion. However, 
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in order to establish vegetation on moving sand dunes, it is necessary first of all to fix 
them using teohniques that are both delicate and costly. 

Sand Dune Fixation Techniques 

One technique for fixing coastal sand dunes was devised in Europe in the last century; 
it can be applied without great change in Africa and Madagascar except of course as regards 
the plant species to be used. 

The first operation consists of constructing as close as possible to the sea an 
artificial sand dune, called the coastal cordon, in order to stop the piling up of more 
sand on the dunes. The way to start is by erecting along the coast a 0.75 to 1 m high 
wattle fenoing; this wattle fencing is composed of wooden stakes driven into the sand and 
tied together by branches sufficiently closely matted to form an obstacle to the sand 
blown against it by the wind. The grains of sand pile up behind this palisade and when the 
little hill thus formed reaches a height of 0.50 to 0.75 m, a second wattle fencing is 
built up on top of it and so on until one has a dune of a slope and of a height such that 
it is impossible for the sand to be blown up over it. For a 30 to 40 percent slope this 
equilibrium soil profile is reached in 2 or 3 years. If the sea coast runs obliquely to 
the direction of the prevailing winds, it is necessary in addition to construct transversal 
spurs that will prevent the formation of "whistle holes" into which the wind penetrates. 

It then is possible to fix the sand dunes behind the coastal cordon by planting 
either slips or seed of plant species that provide good ground cover and are able to 
withstand being at least partly buried in sand. Ammophi1a arenaria, which is very useful 
in Europe and North Africa, does not give good results on the sand dunes south of the 
Sahara or in Madagascar. There one must preferably use local, rapid-growth species w~th 
creeping roots which make it possible to get a hold on the sand quickly; in Madagascar the 
best is a plant of the Convo1vu1aceae family, Ipomea pescaprae, which sprouts very easily 
and quickly covers the soil. Certain grass species can also be tried under the same 
conditions, namely Sporobo1us spicatus, Aristida stipoides, Panicum turgidum. Sand dune 
fixation trials have also been conducted in the Adamaoua (Northern Cameroon) with Sty10santhes 
graCilis, Me1inis tenuissima, Digitaria unifo10zi, Cynodon dacty10n and Pennisetum. 

Such vegetation has a threefold purpose: the aerial portions act as a windbreak at 
ground level; the debris consisting of leaves, stems, pods etc. provides a dead cover which, 
as it decomposes, enriches the sand with humus; and, finally, the creeping roots hold the 
sand and help stabilize the dunes. 

Despite the rapidity of growth of the plants used for sand dune fixation it sometimes 
happens that the seeds or the slips are either exposed by the wind or buried in sand, so 
in regions where the winds are particularly violent it is necessary to keep the sand down 
by means of cover materials before undertaking any sowing or planting of slips. The 
materials used are generally plant debris - branches, palm leaves, etc., gathered in the 
nearest groves or woods. Since several tons are required per hectare, their transport 
often involves a difficult problem and considerably increases cost prices of such fixation 
work. 

On the areas most exposed to wind it is also possible to db some dense checkering, 
that is setting out squares of wattle fencing dug into the sand. Obviously plants will 
grow much better if protected by such wattle fencing than without. 

Planting of Sand Dunes with Trees 

Along the sea ooast and inland up to about 200 m usually only grasses and certain 
buahe. will grow. Tree growth is badly slowed by wind, fog and drift j furthermore the 
fir.t rowa of the plantations are scorched by the .ea winds. Nevertheless certain species 
are tair17 re.i.tant and can be used for planting, this being the ultimate purpose of the 
o.perat1on. 
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The species most cOllUl'lOnly used are: 

a) Arborescent species 

Acacia cyan0pPylla, ~. ataxancantha 

Casuarina eguisetifolia (filac) 

Prosopis africana and f. juliflora 

Eucalyptus spp.; E. camaldulensis 

b) Bush species 

Opuntia 

Euphorbia balsaminifera 

Atriplex halimus 

Gymnosporia senegalensis 

Solanum sp. (tsingi vy 0 f Madagascar) 

It is necessary to set out fairly large, nursery-grown plants very close together, 
that is to say 1 x 1 m on the side exposed to the wind and 2 x 2 m on the sheltered side. 
Such planting is customarily done at the onset of the rainy season. 

In arid climates, it is much more difficult to plant trees on sand dunes already 
colonized by grass vegetation than on barren sand dunes because of the considerable 
competition of the roots for water and because the presence of already well developed root 
systems hampers the "take" of young plants. It is therefore preferable to plant the trees 
at the same time as the grass vegetation; this always gives a definitely better take. 

Plantations must be well maintained, as always in the tropics; this must be done by 
hand to avoid having machinery crisB-cross the sand dunes. In fact as a rule, all traffic 
on sand dunes must be prohibited and especially all movement of livestock, as this again 
destroys the vegetation, the sand then becomes mobile and the dunes begin their march once 
again. If it is absolutely necessary to allow livestock to crOBS the Band dunes, they 
should do so by routes marked ahead of time where constant surveillance is practised. These 
routes should, as much as possible, run obliquely to the slope and to the direction of the 
winds; they should be protected and delimited on either s~de by hedges of bushes, whether 
thorny or not, viz: Euphorbia balsaminifera, Opuntia, Fagara xanthoxloides and Acacia 
ataxacantha. 
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The Mambilla Plateau, situated on the eastern border of Nigeria and at the southern 
extremity of the North-Eastern State, forms part of the Cameroon Highlands geographically 
and is an extension of such. The plateau occupies an area of approximately 1 500 square 
miles (388 500 hectares) with a high proportion of it topographically gently undulating to 
steep slopes. Afforestation started in the early 1940' s with introduotions from the 
Cameroon Republic (Fox,1973), and continued on a local moderate scale until 1962 when the 
Mambilla Afforestation Soheme was first started under the First National Development Plan. 
This plan has been enlarged through successive plans, and a Hillside Afforestation Soheme 
has also been added to the present Forestry Development Programme, which was initially in
troduced in the Second National Plan 1970-74. 

Land use allooation on such a potentially productive area results generally in for
estry being given the steepest slopes. Although there is a need for the afforestation of 
the steep slopes, there is also a need for large seale mechanised plantations which require 
relatively gently sloping areas. A large part of the government and looal authority affor
estation programme, however, has been confined to the steep, eroded hill slopes, and has been 
implemented mainly by manual means. At present sufficient info~tion is avai~able on 
species and techniques to embark on a larger scale programme, e~ther by mechan~cal means on 
the flatter areas, or by manual means on the steeper, eroded slopes. 

11 Paper for Symposium on Savanna Afforestation 
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The altitude of the main stations on Mambilla varies from 1 524 m to some 1 981 m. 
The annual raint.all at Gembu is 1 981 mm with some slight variations Over the rest of the 
plateau. The mean monthly temperature is probably 85°F (Kemp, 1969) and minimum monthly 
temperatures are generally around 500F. There is a heavy oattle population in the area and 
the soils are subject to Over grazing and annual burning and consequently there are signs 
of aocelerated erosion in some of the steeper areas. These steeper sites for afforestation 
are, therefore, shallow highly acidic lithosols with a silt loam texture and free drainage, 
developed under a temperate, high rainfall olimate. 

SPECIES/GROWTH/PROVENANCE TRIALS 

Provenanoe trials oan indioate the best species/provenance for a particular site. 

Replioated speoies elimination trials of pines and eucalypts were started on the 
plateau in 1966 at Maisamari, Nguroje and Gembu. Of all the Eucalyptus species/provenances 
tested in the programme, none is as successful as the long established Eucalyptus grandis 
hybrid. Of the pines, .E. caribaea, .E. kesiya and .E. oocarpa. were selected for further 
testing after the initial elimination trials. The results of a species elimination trial 
at Nguroje, planted in 1966 on basalt SOils, Number SM2/66/1 is as follows: 

Table 1 

Mean height and survival of coniferous species trials planted in 1966 

Mean height em) after Survi val fr, aft er 
Species Origin 

32 months 46 months 32 months 46 months 

Cupressus lusi tanica Bussaco 3.8 5.0 93 93 

Pinus ayacahuite Mexico 1.1 2.0 86 83 

P. carihaea Belize 2.? 3.(i 90 90 

P. kesl.ya Phi li ppines ) .1 5·1 97 96 
P. massoniana Hong Kong 2.6 4.0 100 100 

P. mont ezumae Mexico 0.1 0.6 36 ~5 

P. oocarpa, (1. 1136) Mexico 0.7 1.8 56 44 
P. oocarpa, (I. 1157) Belize 4.3 6.3 97 97 
P. pseudostrobus Mexico 1.0 2.1 89 85 
P. teocate Mexico 0.8 2.9 80 72 

Species growth trials oommenced in 1967 with mainly four pine speCies which were 
planted in four large replicated blooks per species and at the normal plantation espacement 
of 3 m by 3 m. Further development of speCies/provenance testing was limited by the avail
ability of seed, and thanks must be recorded to the Federal Department of Forestry, Ibadan, 
Nigeria and to the Commonwealth Forestry Institute, Oxford, U.K. who provided all of the 
seed for the further trials. 
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Table 2: Summary of mean height, maximum height and survival, 
% of 4 year old f. caribaea and f. kesixa, 
provenance trial, Maisanari, Mambi11a. 

Basalt Site Basement Site 

Species Origin Mean Maximum Survival Mean Maximum Survival 
ht em} ht em} % ht em} ht em} % 

oaribaea Gt. Abaco, 
Bahanas 2.1 5·5 99 3.3 8.6 93 

" Cuba 1.8 6.4 93 2.4 8.6 81 

" Puert 0 Cabezas, 
Nioaragua 3.1 6.4 95 3.2 7.5 80 

kesiya Haw Luang, 
Thailand 3.6 4.9 96 4.6 7.2 89 

" Dalat, 
S. Vietnam 603 9.0 98 5·7 9.4 95 

" Rangoon, 
Burma 3.9 5·6 95 3.8 7.0 93 

" Khasi Hi 11s , 
Assam 4.9 7.2 96 4.5 7.0 93 

" Philippines 3.1 6.7 18 - - -

Table 3: Summary of mean height, maximum height and survival % of 
3 year old f. oooarpa provenance trial, Nguroje, Mambilla. 

Mean Maximum Survival 
Provenanoe ht em) ht em) % 

K1 1/10 Nioaragua./Camelias 4.7 6.4 96 

K7 7/10 Honduras/San Marcos 3.2 5·4 94 

K9 9/10 Guatemala/Canas 3.6 5·1 97 

K34 3/71 Guatemala/Buoaral 2.8 4.6 95 

K35 4/71 Honduras/Angeles 3·5 5.6 98 

K36 5/71 Honduras/Zamorano 3.6 . 5·7 96 

Oxon 1.2326 Guatemala/EI Lobo 3.8 6.2 100 

K44 21/11 Nioaragua/Rafael 4.9 1.2 99 
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Two provenanoe trials of ,E. oaribaea and f. kesiya were planted on the soils derived 
from basalt and sranite at Mais&mari in 1971. In 1972, 113 g of superphosphate was applied 
to eaoh plant and af'ter 4 years, ,E. kesiya from Dalat, South Vietnam, was dominant on both 
sites. The mean height on the sranite soils NaS 5.7 m and on the basalt soils 6.3 m. For 
the trial results see Table 2. 

A P. 00O&rp& provenanoe trial was planted at Nguroje in 1972 on a soil derived from 
basalt. Arter three years, the provenance from Rafael, Nicaragua., was superior with mean 
and maximum heights respeotive1y of 4.9 and 7.2 m, whereas the poorest provenance was one 
from Guatemala with mean and maximum heights respectively of 2.8 and 4.6 m. Both Nicaragua.n 
provenances were superior to the rest. For full results see Table 3. In any plantation 
development prosramme it is essential that selected seed should" be available in commercial 
quantity and that a 100a1 prosramme be designed and implemented to produce future seed 
requirement s • 

FERTILIZER TRIALS 

In 1966, McComb, Ojo and Jackson (1970) conducted a laboratory experiment of the 
'Fertilizer Response of~. grandis srown in a basaltic soil from the Mambi11a Plateau'. 
The results suggested that it would be Virtually impossible to grow!. grandis from seed on 
subsoil exposed by erosion, unless fertilizers were applied. Phosphate was indicated as 
the prinCipal limiting element, but boron was also indioated as being necessary. 

Also in 1966, Jackson (1973) conducted experiments with borate and superphosphate 
on E. grandis at Maisamari, Nguroje, on fairly level sites derived from basalt and at Gembu 
on an eroded steep slope derived from sranite. At Gembu the fertilizers were applied to 
a two year old plantation whioh had been beaten up in the year prior to the application of 
the fertilizer. Borate was applied ato, 57 and 113 g per tree and single superphosphate at 
0, 85 and 170 g per tree. At Gembu 113 g of borate gave a response but not 57 g. The in
orease due to superphosphate was not significant. Generally, the applioation reduced ter
minal shoot die-back and leaf disco10uration, thus improving the health and shape of the 
crown and hastening canoP,y closure. 

In 1972, Fox conducted three experiments at Maisamari on steep, shallow soils derived 
from sranite. In the first trial in a fairly steep part of the P. 71 compartment, approxi
mately 123 kg/heotare eaoh of borate, borate and superphosphate and borate and sulphate of 
amonia were applied by a rear tractor mounted mechanical spreader. There was a significant 
differenoe between the untreated and treated areas. There appears to be no difference be
tween the formulations and the implication is to use the least cost ly treatment. The results 
are shown below in Table 4. 

Treatment 

Borate &: 

Table 4: Corre11ation of height srowth of ~. grandis 
hybrid and fertilizer app1ioations 1972. 

Heights (m) 

On application 13/7/72 11/73 

superphosphate 1 .1 5.2 

Borate &: ammonium sulphate 0.8 4.6 

Borate 0.8 5·1 

Nil 0.9 1.9 

10/74 

803 

8.0 

8.6 

2.9 
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In trial 2, in the P. 72 OOlllpa.Ml1Ient. ammonium sulphate and. single superphosphate 
were applied by hand around the trees and below ground level at 0, 114 and 228 g per tree 
and borate at three levels of 0,57 and 114 g per tree in a single replioated experiment on 
a poor soil in a steep rooky area. Sixteen months after applioation the greatest responses 
were: 

Treatment 

Mean height 
inorease (m) 

5.3 5·8 1.2 

After 27 months, there appears to be a substantial response to N, although there is little 
differenoe between the two rates. There is some, though rather less, evidence of a positive 
effeot of applying B. There is also some difference between plots reoeiving no P and those 
treated with 114 and 228 g per tree. 

In trial 3, boron was applied at two levels and in two forms as a granular fertilizer 
in a drill below ground level and as a foliar spray. All plots also reoeived 114 g of 
single superphosphate. Twenty-seven months after application there were few statistically 
significant differences, although there was an indication that granular borate around the 
tree may be more lastingly benefiCial than the foliar spray. 

Generally, any fertilizer applioation should be done in the year of planting and as 
soon as possible after planting to acoelerate height growth, crown development and canopy 
olosure. Hand application, preferably into the soil, is all that is possible on the steep 
slopes. Whereas on the gentler slopes, mechanical application is possible. 

SITE PLANNING AND LAYOUT 

Once suitable speoies and techniques have been evolved for the site through speCies, 
fertilizer and other trials, then the acquisition of larger sites can commence. Sufficient 
land must be obtained above and below the steep slopes for afforestation. Above the steep 
slopes, land must be obtained for roadways for access, plant distribution at the time of 
planting and for extraction of produce whenever necessary. Sufficient land must also be 
obtained above the slopes to arrest the surface flow of water down the slope by land use 
techniques and to promote ground water percolation. Contour ploughing and contour bunding 
are useful controls. Below the slopes, land is required for acoess at the time of planting 
and throughout the life of the plantation to the time of exploitation. 

The average slopes normally allow ready upper and lower aocess. However, on longer 
slopes, roads will be required at intervals along the oontours. These roads are normally 
put in by mechanical means before planting starts while visibility in layout is easiest. 
The gradients should be enough to allow for the extraction of the produce throughout the 
life of the plantation. Natural features should be used where available, espeCially in the 
siting of the joining roads. From experience, it is of great advantage to have a road 
system throughout the plantation from the very start rather than making the roads when re
quired, often through young plantations. 

Some site grading is oocasionally required on the over-hanging slopes and this should 
be done before planting starts to allow the site to resett le and to reduce site disturbanoe 
down the slope. Fencing a8&inst animals should be done as soon as possible and before 
planting on the ourrent year's planting site. On Mambilla, use is made of natural features 
where possible and the s·teep sided streams make excellent boundaries where fenoing is un
necessary. It is generally oheaper to fence the entire area initially than to fence only 
current planting areas. However, on the Mambilla Plateau it is good polioy to allow oattle 
to graze over unplanted areas so long as they are attended by a herdsman. It is also good 
for public relati.ons since the herdsmen see forestry as an aoquisition of land lost to the 
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original oatt Ie owners. Cattle are useful in controlling the grass growth, reduoing both 
the fire hazard and the amount of cultivation required prior to planting. They also con
tribute manure to the site. They should be at all times controlled and kept out of the 
plantation areas and off the steepest slopes. 

Fenoing and the exclusion of animals allow for the rapid recovery of the site if fire 
is also excluded, but is only a temporary solution, since degradation will follow when cattle 
are asain allowed to utilise the site. A more permanent solution is to put the area under 
forestry with maintenance of canop,y for the maximum period under the chosen silvicultural 
system. 

Nurseries should be sited within the plantation area and near to water. On long 
slopes over several kilometres it may be better to use temporary nurseries for each year's 
planting as long as water and labour are available nearby. For eucalypts, a three month 
nursery season from early March to early June is adequate for potted stock. After germina
tion in March much of the watering is from preCipitation, since the rainy season normally 
starts in April. 

Labour shortage can be a much more serious problem, since hillside afforestation on 
Mambilla is a very labour intensive operation. It is worth trying to encourage labour to 
settle close to plantation developments since transport and labour availability are con
straints to such developments. At present most of the available labour reside in larger 
towns and villages and only limited numbers are available in more remote areas. The cattle 
owners do not generally contribute to the labour foroe, only the Mambilla farmers. 

PLANTATION ESTABLISHMENT 

Nursery techniques for Eucalyptus spp. are based on Fishwick (1966) with modifications 
to the semi-"1;emperate climate of the area. Local humus and soils are used togethp.r with 
fertilizers and dieldrin in the potting mixture to produce strong trees of 0.3 m in height, 
balanced in root and shoot growth, with a reservoir of nutrients in the pot at planting time 
to enoourage initial establishment. Tall plants are a disadvantage on the pl~teau due to 
the strong winds and occasionally have to be cut back after planting. For pine seedlings, 
an addition of ammonium sulphate and superphosphate to the potting mixture is recommended, 
but urea and potassium have been found to have harmful or negative effects. 

Site clearance, either mechanical or manual, of the grass cover normally occurs in 
April when fire can be used carefully to reduce the heavy grass. If fire happens to enter 
the area earlier, then grass regrowth can form a heavy sward by the time of site cultivation. 
It is, therefore, best to leave the clearing as late as possible to reduce the amount of 
labour involved. On the steep slopes, the site clearing should be done along the contour 
using heavy hoes to upturn the turf placing roots uppermost to dry in the hot sun. On 
gentler slopes, oomplete cultivation is carried out, but on the steep slopes cultivation is 
restricted to minimum oontour lines about 3 metres apart. It should be noted, however, that 
grass not killed during the pre- or post-planting operation will survive throughout the ro
tation and responds as soon as the canop,y is opened. Since grass is the main retardant to 
eucalypts, the question of the duration and periodicity of cultivation for Buccessful estab
lishment is a matter of experience. 

The problems of plant distribution vary with the degree of slope, but mechanical 
means should be used to convey the pots as near as pOssible to the planting site. On the 
steep slopes, much on site distribution has to be manual. The seedlings are planted at 
about 3 m by 3 m and the whole of the pot is removed. Normally, the holes are prepared by 
a separate labour force and only a few labourers aotually do the pot removal and planting. 
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Approximately 4 weeks after planting, fertilizer can be applied to the plants. The 
area should be weeded first to reduce the oompetition for rooting space and available nutri
ents and then the fertilizer is applied manually in a slit below the surface or by mechani
oal teohniques on flatter sites. Afterwards, the area should be weeded as a~d when required. 
This is where experience is an essential asset. It is necessary to retain some weed cover 
to reduce the danger of aocelerated erosion, but grass should be prevented from hindering 
the growth of the trees. 

Inadequate weeding oauses trees to quickly show signs of ill health on the steep 
slopes but appreoiation of such indications are often too late to rectify the situation that 
same season. As much as possible should be done in the year of plantine to achi~ve a healthy 
vigorous tree which will continue to grow over the dry season and take advantage of the early 
rains for maximum growth opport unity in the second year. The 'fleedings should be cont inued 
along the contour when required. On good sites canopy closur" can be obtained 18 months 
after planting, Le. just before the onset of the second dry ~ea30n. .8ucalyptus e;randi~ 
hybrid will oontinue to grow throughout the dry seauon on good sites where fert ilizers have 
been applied. If the technique is not correct, however, terminal die-back and leaf di~
colouration occur which require expensive treatment to return the crop to healthy growth. 
The use of selective weed killers has been tried on the plateau employing mechanical appli
cators. Such trials have been unsuccessful due to the high cost of the weed killer, the 
slow rate of applioation and the quick recovery of the grasses. Herbicides, however, are 
worth further trials. 

Modern technological advances are tending to Overcome the inherent cii fficult ies of 
species utilisation (Hardie, 1974; Alders, 1975), and at present for the steep slopes on the 
plateau, ~. grandis hybrid oan be recommended for rapid site coverage and for the production 
of large volumes of wood as a utilisable resOurCe. 

HILLSIDE AFFORESTATION MANAGEMENT 

Protection should always be the prime consideration on ste'lp slopes, but onCe a large 
wood resource is available there is likely to be a demand to utilise tbiu hasic raw rra.terial 
for some industry. 

End use wi 11 no doubt influenoe what system is to be used in the management of the 
established forest. For small size fuel, poles and timber, a coppice systHm will be suffi
cient and has several advantages for steep slopes. If larger size timber is required, a 
seleotion or olear felling system will be employed according to the requirements of the 
species used. Coppice systems have the advantage of rapid site recovery and are suitable 
for the management of !. srandis hybrid on steep slopes. Ho~ever, experim~nts conducted ,on the 
plateau, indicat e that maximum coppice regeneration 13 obta1ned at the he1ght of the raws 
when forest produoe is not normally required in any quant ity locally. :3uch forest produce 
as poles and fireWOOd is normally required in the dry season when coppice regeneration 
results in up to 25% stump mortality. On high rainfall areas greater site protection il:3 
neoessary during the exploitation period but this is to Borne extent counteracted by the 
faster growth and speedy site recovery. 

Although most of the silvicultural and management problems in the selMtion and 
establishment of the best species for p:Lrticular sites have been dealt with, research on a 
looal scale should oontinue to select superior breeding material and to produce superior 
seed. Infact, suoh a programme which would confer benefits both locally and nationally 
might be a matter of some priority. 
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SUMMARY AND CONCLUSION 

The afforestation of steep and eroded slopes free of tree vegetation and with shallow 
soils requires the seleotion of a fast growing tree species employing establishment tech
niques giving speedy establishment. Local species should be studied first but if no looal 
species are suitable, a muoh longer prooess of species and provenanoe trials has to be tried. 

After initial seleotion, there is rOOm for further improvement through more advanoed 
provenance trials and trials of establishment techniques. A research and development pro
granvne is required to further improve the selected species, and in the longer term to pro
duce the estimated requirements of improved seed. 

Having selected the species, for a large afforestation scheme where protection is the 
primary requirement, there is always the risk that demand for woody raw material could have 
an adverse influence on the silviculture and management of the plantation. Where possible, 
such demands may be aocomodated within the programme, but the primary protection objective 
should not be sacrificed. 

Fortunately on the Mambi lla Plateau the species !;.. grandis hybrid was established and 
suited the forestry requirements, but even so, for the past 10 years speCies, growth, proven
ance and fertilizer trials have been conducted to try and improve efficiency and economy of 
establishment. With!. grandis hybrid, the fertilizer trials have been the most directly 
productive. Other Eucalyptus species and growth trials have not produced a comparably pro
ductive tree. However, with the introduction of the pines, two Nicaraguan provenances of 
f. oocarpa and the southern Vietnam provenance of f. kesiya, have shown promise for further 
deVelopment. At present a provenance trial of CUpressus lusitanica is required to tryout 
the new canker resistant strains and to select provenances with finer and less persistant 
branches. Such a selection might then be suitable for development. The improvement of 
species and teohniques is a long term programme and requires continuity of supervision and 
well defined long term management ob ject i ves. 
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There has been extensive open-cast mining on the Jos Plateau for the past 60 years. 
The mining operation leaves a desolate landscape of earth mounds, dried out mud ponds, tin 
tailings and reservoirs which render the land unproductive for agriculture, forestry or 
grazing, without expensive rehabilitation programmes. 

A recent (1972) aerial photography of mined areas indicates that the tall steep
sided earth dumps cover a relative~ small area of a mining lease and that the network of 
paddocks and tin tailings covers a much larger area. 

The 1973 - 1974 estimate of the Governme~~ of the Federal Republic of Nigeria puts 
the total revenue from mining at » 336 872 26411. Of this value, the greater part came 
from the Jos Plateau. At present the area of land held under mining leases for tin and 
other minerals on the plateau exoeeds 81 000 ha. A conservative estimate of the area 
aotual~ disturbed by active mining is in the region of 26 730 ha. As Howard (1974) has 
pOinted out,the rehabilitation of the mining spoil areas is important for a number of reasonss 

11 Paper for s,ympo8ium on Savanna Afforestation. 

y 1974 exchange rates 1». USS 1.62. 
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(a) Land is at a premium because of the high population and low yields in 
the existing agricultural system. 

(b) Erosion is oaused by the mining scars beoause the base level of a 
stream is often lowered, thereby causing gulley erosion higher up the 
stream. 

(0) The plateau is virtually treeless and trees are needed for firewood 
and poles for house building. Areas of tin mining spoil may be suit
able for eztensive tree plantations, because Eucalyptus will grow on 
them. 

(d) The plateau is heavily grazed in both the wet and dry seasons. If 
palatable grasses or legumes could be established on the mining spOil, 
this would provide valuable additional grazing. 

(e) The extensive network of deep reservoirs is a valuable water resource 
providing possibilities for dry season irrigation, not at present 
utilised on any large scale for agricultural production. 

PLATEAU CLIMATE, WEATHER AND VEGEI'ATION 

The Jos Plateau is situated between latitudes 90 50' and 10 0 50' N and longitudes 
80 and 90 E at an elevation of about 1 200 m and COvers an area of 4 662 sq krn. Weather 
conditions are controlled by moist south-westerly winds during the summer, and dry north
easterlies during the winter months. 

The highest temperature recorded since 1914 is 100 0 F (38 0 c) while the mlnlmum is 
41 0 F (50 C)j average temperatures are around 700 F (210 C). The mean annual rainfall is 
approximately 1 270 mm, the total decreasing from the southwest part of the plateau to the 
north and east. On average, the rains occur during eight months of the year and thunder
storms of high intensity are frequent especially at the beginning and towards the end of 
the wet season. The variation in rainfall from year to year is considerable. Tree felling 
and overgrazing on the plateau have tended to reduce the efficiency of the rainfall by 
allowing a more rapid runoff. Relative humidity on the plateau is seldom uncomfortably high. 

The plateau has been an enclave for surface mining for many years. The area consists 
of undulating grassland dotted with granite outcrops and occasional flat-topped hills of 
lateritic ironstone. During the rainy season, May - September, grain crops such a.s "Acha." 
Digitaris excilis, millet, Eleusine coracana,a.re extensively grown on the open plain by the 
Birom people, whilst numerous herds of cattle owned by nomadic Fulani graze during the wet 
months. When the grass is exhausted they descend to the Benue plain for the duration of 
the dry season. 

Native smelting of tin and iron in past centuries must have caused a great deal of 
woodland destruotion, but the present treeless state of the plateau has resulted from the 
development of the tin mining industry. The influx of people from the rural areas to tin 
mining locations suoh as Bukuru and Jos resulted in large increases in population and con
sequent demand on land for oultivation of food orops. The Birom pr'aotioe of digging out 
tree stumpe on t'arms does nat allow ooppioe regeneration. Only afforestation oould PE'0vide 
for an ever-inoreasing deJM.nd for firewood and poles. In the 1940's firewood bee&me so 
soaroe that the acniv1ties of the mining oompanies became threatened and it was neoessary 
~o tranaport firewood trom Jama'a. 

Thus, early reool1li1lion of the naed to oonserve and supplement indigenous wood speoies 
led to the develop!lent of an afforestation PE'Ogl'amme under the Minas Reolanation and Affor
estation Unit. TheJ'e is a gl'eat demand on land for farming and mining and it is diffioult 
to bave additional land .at aside for OOIlllllUDaI tree plantations. One possible solution to 
the problem lie. in planting up land whioh mi~ing has rendered usele.s for farming. 
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Modern tin-mining on the platea.u calls for the use of heavy earth moving equipment 
involving the removal of up to 12.20 m of earth to reaoh the tin-bearing ground whioh lies 
undernea.th. The larger oompanies, e.g. the Amalsamated Tin Mines of Nigeria (ATMN) , 
normally use draglines for excavation whioh pile the earth in great steep-sided mounds or 
dumps around the rim of the excavated "paddook", as the pit is oalled. 

RESTORING TIN MINING LAND 

Site Preparation and Fertilization 

In 1948 a trial was made on the mine dumps planting Euoalyptus oamaldulensis, and 
this proved suooessful at little expense. Shortly afterwards, the Ministry of Agriculture 
followed up with land restoration experiments involving levelling the dumps, using bull
dozers and orawler traotors. Night-soil oompost from Jos town was spread thinly over the 
levelled surface at the rate of 50.18 tonnes per hectare and cover-crops such as elephant 
grass Penisetum purpureum "eamba" grass (Andropogon gayamus) and StyloAnthes, graoilis, were 
sown. It was intended that after a few years under oover-orops the restored mining land 
oould be returned to the native owners for normal cultivation. In 1955 and 1956 experi
mental growing of 'acha' Digitaris exoilis and other looal staple crops on reolaimed mining 
land was further undertaken by the Ministry of Agriculture. These experiments indioated 
that normal yields of staple orops on restored mining land could only be attained using 
large applioation of organio oompost and fertilizers. It was considered to be beyond the 
means and ca~bility of the local farmers to procure fertilizers on the scale required to 
enable staple crops to grow. 

The satisfactory indioations obtained from the 1948 experimental tree planting 
suIted in more areas being planted. In 1959, a central forest nursery was built at Bukuru 
to replaoe the 19 scattered non-irrieated nurseries in Jos Division. Funds for the develop
ment of the nursery were joint ly provided by the Ministry of Agriculture and the JOB Local 
Authority. Seedlings raised in the nursery were for both mine reclamation areas and com
munal forestry areas. 

In 1959 observation plots were sst up to determine if the praotice of establishing 
Eucalyptus trees, with a headpan (18.2 kg - 22.7 kg) of oompost added to each planting hole, 
was the most ef:ficient. 

The follOwing treatments were inoluded: 

(a) One headpan of (18.2 kg - 22.7 kg) compost per planting hole; 

(b) 1/4 headpan of (4.5 kg - 5.4 kg) compost per planting hole; 

(c) 1/4 head pan followed by 112 g of sulphate of ammonia applied 
one mont h aft er plant ing: 

(d) Nothing applied to the planting hole and 112 g sulphate of 
ammonia applied to the seedling one month after planting; 

(e) No treatment. 

Subsequent trials in 1960 and 1962 applied nitrogen and compost at different rates. 

As a result of the above trials, when the Mine Reclamation Unit took over complste 
responsibility for rehabilitation and afforestation of mineland, a new method was started 
whioh employed a shovelful of organic oompost and 84 g of ammonium sulphate mixed with the 
lIoil from ea.oh planting hole before planting. The results were promising and trees attained 
height8 of 3.05 m to 3.66 m in the first year. In 8ubsequent years, the uss of compost was 
dropped as the distanoe and cost of transport from the depot to 80me of the planting sites 
became too great. Neverthele8s, measurements taken in such plots eight years after estab
lishment, averaged 9 m - 14 m height which i8 reasonable on disturbed soils. 
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In the first planting season, planting holes were dug either by hand or by post-hole 
digger mounted on a Ferguson 35 tractor. In the subsequent year, the planting lines were 
oultivated by heavy ripper or sub-soiler (powered by a D-8 ca.terpillar) whjch had the heavy 
tines set at a suitable planting distance. Experience has shown however that better 
reBults are achieved by planting trees in the same year as that in which the levelling oper
ation is completed. Due to soil compaction, it was considered that heavy sub-soiling was 
necessary to allow the tree roots to penetrate to some depth. Growth of Eucalyptus a.nd of 
groass improved on areas so treated. 

Species of Trees Planted 

The main species used in planting on the plateau both in. mine reclamation areat> and 
communal forest areas are as follows: 

(ii ) 

(iii) 

(iv) 

(v) 

(Vi) 

Eucalyptus camaldulensis: This is the main speci.es for afforet>tation of 
restored mining land and is used extensively in communal forest area 
plantat ions. 

E. punctata: This species is now being used in preference to !. rostrata 
on coarse-grained quartz SOils, which generally have a low clay content 
and are consequently well-drained. It forms a dense canopy at 2 years 
of age, suppresses grass and has a straight stem. It has been found 
necessary, however, to apply borate fertilizer (approximately 56 g per 
tree) in the first year to prevent leading shoot die-back. 

E. robusta: This species has one great advantage over E. rOtitrata and 
E. tereticornisj it will readily form a "lased canopy and can grea.tly 
R;'"inimise weeding costs and also reduces the danger of darrage "by fire. 
It is susceptible to termite attack and it>3 use has bf:'en mainly on tLe 
red basalt soils in areas of high rainfall. 

E. rostrata:2./ This species has proved to be generally reliable, being 
easy to raise in the nursery, able to stand a good deal of rough treat
ment in transport and planting, is adaptable to most soils and sites 
(except very wet sites), and is fast growing and not liable to die-back 
in the first year. It yields good firewood and poles and after felling 
coppices strongly. It is considered to be the best all-purpose short 
rotation plantation species on the Jos Plateau. 

E. saligna (hybrid): A fast growing species with a straight stem capable 
of forming dense canopy. Due to hybrid swarm there iR a proportion of 
misshapen or dwarf trees. It grows successfully only on deep soil:.3 in 
the heavy ra.infa.ll areas of the plateau (south and west). 

E. tereticornis: This species appears to be .3imilar to ];.. rostrata but 
is generally straighter in form. It is being planted extensively on the 
same sites as §.. rostrata. 

All the foregOing speCies are classed as commercial timbers in Australia, §.. robuata 
and §.. saligna in the joinery class (e.g. window. frames, doors apd furnit~e) and 
E. rostrata and E. tereticornis in the construct10n class (e.g. beams, ra11way sleepers, 
bridge timber, etc.). Thus they have some potential beyond fuel and building poles if they 
oan be groown on larger rotations. 

Table 1 shows growth rates of Eucalyptus On mining spoil (Howard ,1974). According 
to Howard Du CFA (D 345) and D 346 are situated on an undisturbed ironstone gravel soil. 
MRA 25 (D'348) and MRA 33 (D 353) are compacted mining spoils. 

11 syn. !. oamaldulensis. 
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TABLE 1 

GROWl'H OF EUCA,LYPrUS ON MINING SPOIL AND ON UNDISTURBED SOIL 

A.verage Ave.d. diam. 
Plot No. Looation Speoies Age Trees/ha height bh inor 

(m) (em) em/yr 

D 346 MRA 25 !. canaldulensis 13 1 300 11 .9 12.0 0·9 

D 347 MRA 25 E. oanaldulensis 13 1 525 9.6 10.0 0.8 

D 348 MRA 25 !. oanaldulensis 13 775 8.7 7.6 0.6 

D 349 MRA 33 E. mult if 1 o raY 14 1 150 21.6 17 .0 1 .2 

D 352 MRA 33 !. oanaldulensis 14 1 420 14.6 12.9 0.9 

D 353 MRA 33 E. camaldulensis 14 950 8.4 8.4 0.6 

D 344 MRA 11 E. oanaldulensis 12 1 300 9·9 9.7 0.8 

D 339 Ryom CFA E. ~./oanald. - 8 1 025 18.6 12·5 1.6 

D 338 "wang CFA !. oanaldulensis 11 1 100 1403 11 • 1 1.0 
No.4 

D 345 Du CFA !. oamaldulensis 11 1 000 7.8 7.1 0.7 

Y ayn.!.. robuata 
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PROBLEMS AND FurURE OF THE MINE RECLAMATION AREA::; 

The area of restored mining land whioh has been planted since 1960 is 1 336.5 
heotares of whioh more than 202.5 heotares were established immediately after restoration. 
A further 202·5 - 243.0 hectares were established on land restored some years previously 
and sown with oover-orops of grass and legumes. It may be noted that little land has been 
surrendered for reclamation between 1968-1975. 

Mining oompanies are reluctant to surrender their mining title after the ground has 
been worked for tin. Cheok-drilling of the ground, which is always done before restoration 
begins, often reveals the presence of small values of tin. TO.larger companies these values 
may not be worth reoovering, but they may be economically exploited by small private miners 
who use simple hand methods and have low overhead expenses. There is always some optirni~m 
that a rise in the market value of tin or minerals in general might make it profitable for 
the reoovery of the remaining t in, or even other minerals not present ly cap!.ble of economic 
ext raot i on • 

Sinoe 1967 the Forestry Division has been attempting to persuade the Jos Local 
Authority to have plantations on reolaimed mine lands constituted into either forest reserves 
or communal forestry areas to afford some security of tenure. The prospects for agricultural 
development on such areas are not good and there is little doubt that afforestation, 
which not only improves the environment, but also provides much needed firewood and poles, 
is a sound form of land use. 

CONCLUSION 

Most of the Eucalyptus species so far raised on the mine rec:lamation areas have some 
wood potentialities but unless there is some security of tenure of existing and future 
plantations, it will not be possible for the Forestry Division to carry out the essential 
long term research on improvement of the enVironment, on wood production and on possible 
soil improvement potentialities of Eucalyptus and other species. This mine land reclalTt\tion 
projeot has assumed a small but important pla.ce in shaping the land-use pattern on the Jos 
Plateau and further soundly based development is essential if land deterioration and erosion 
is to be controlled. 

Adeka, :B. 
19"14 

Anon. 
1960-1961 

Anon. 
undated 

Grove, A.T. 
1952 

Howard, W.J. 
1974 

Wiallu.ah, S.H. 
1963 
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FIRE PRO'l'BVTION 

History 

The preBent syatem of fire protection in Zambia is baaed almost entirely on the work 
in 1970, of Mr. N.P. Cheney, a summary of Mhose report (Cheney 19~1) appears in Appendix 
7 of Tree Planting Practices in Afrioan Savannas (Laurie, 1974~. This led to the Betting 
up of a Fire Control Section to get the organisation soing; work is now sufficiently 
advanoed to bring it under the oontrol of line management from the beginning of this year. 

Degree 0 f Hazard 

The long dry season with increasing temperature, decreasing humidity and often 
strong winds, especially in September, combined with plentiful fuel, give conditions for 
severe fires. The exotic trees grown are inherently fire prone and there is a considerable 
build up of fuel from pruning and thinning wastes under the trees, especially pines. 
Large blocks of even-aged trees, sometimes unavoidably orientated along the prevailing 
wind, give a potential, according to Cheney, of fires up to 1 600 ha. 

C" 

The population traditionally uses fire for land clearing and hunting and is only 
slowly becoming aware of the need for avoiding fire in plantations. 

In 1975, the worst season to date, a total of fifty six fires occured, eighteen of 
them originating outside and thirty-eight inside the plantation. 

A total of 602 hectares were involved, of which 120 ha were killed and 225 ha 
suffered severe scorch. 

Damage by Fire 

Pines are most sWlceptable to death and severe damage up to year twelve, and 
euoalypts throughout the rotation. Damage is by leaf scorch and destruction of the 
cambium. Overall scorch normally leads to death, whereas cambial damage is usually only 
partial and leads to degrade of timber. Because of their thinner bark, eucalypts can 
suffer cambial damage very readily, and for this reason fuel reduction b,y burning cannot 
be practised. 

Cost of Fire Control 

The approximate cost of establishment per hectare of pines is K 3 985 21 and eucalypts 
K 670 calculated at 7 percent compound interest to the end of the rotation (baaed on 1975 
costs). Fire control oosts are about 5 percent of this figure. 

FIRE PREVENTION 

General 

Fire prevention within the pine plantation only beoomes a problem after the senoond 
year when weeding normally oeases. Some third year weeding is carried out in dangerous 
looations but this tends owing to the work load, to be just a rolling down of the grus. 
Past fire~ indioate that it will be possible to burn this off early in the season with only 
minor da.mage; this is preferable to severe damage at a later date. The heavy grass growth 
normally found in young pine plantings makes for an extremely fast moving fire, especially 
if there is any Wind. 

11 1 K - USS 1.56. 
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Pruning to 2.2 metres ill carried out when the mean top height is 10.5 m <at approxima
tely 5 yeara of age), which leads to a oonsiderable increase in the ruel on the ground. 
~a ia perhaps the most dangerous stage in the life of the tree from the point of view 
of fire. A progrlUlllle of control burning after pruning has been carried out since 1971. 
It should be noted that slash is soattered as evenly as possible and no of piling branch 
wood must take plaoe as this leads to hot spots and oonsequent damage. 

Control Burning 

The object is to reduoe the amount of ruel on the ground to keep damage by scorch 
to a minimum. It has been found that trial fires oan only give an indioation of rate of 
apread and name height and that when fires join up both are increased, flame heights being 
almost doubled. As scorch height is approximately five times flame height it is necessary 
to keep names as low as possible. The ruel which causes diffioulty is the dry needles 
on pruned branches not lying flat on the foreet floor; it ~ be necessary to burn these 
off in one operation and burn again later to reduoe the compact needle litter remaining. 

Praotioal applioation 

Burning is carried out in March/April when the rains are tailing off and in the 
late afternoon when there is little or no wind. Lighting is done on a grid pattern using 
the lines of trees as a guide. A trial fire gives the rate of spread and as a result of 
thia lighters are spaoed out along the side of the oompartment and given a track along 
which they must walk, oounting lines of trees as they go. EBpacement is generally between 
30 and 40 metres, and men must be oautioned only to light one spot of fire at the prescribed 
distanoe. 

When lighters emerge on the other side of the compartment they are assembled and 
asain sent off in the opposite direction till the area is completed. General direction of 
advanoes is into the prevailing wind. Detailed directions for carrying out control burning 
are given in Cheney's report, and persons interested in this work should study these 
caretully. Caution is necessary in the use of fire as once lighting up has taken place 
it is usually too late to put out the many spots burning in one compartment. While 
isolated oases of crowning have ooourred, damage is usually minor, but this should not be 
oonfUsed with trees with persistent needles which oocasionally flare up in an alarming 
fashion, but seem to suffer no damage as a result. Weather conditions must be taken into 
consideration and any cumulonimbus clouds in vicinity treated with suspicion as they oan 
cause severe turbulenoe. In case of doubt a weather forecast for the locality should be 
obtained. 

Suocessive burns 

There is no doubt that control burning reduces danger of damage from wild fire and 
gives supression forces a better chanoe of success, but this is dependent on the amount 
of ruel removed. It is therefore recommended, as a result of 1975 experience, that ruel in 
dangeroue edge compartments exposed to the prevailing wind be kept to an absolute minimum. 

Normally in other compartments additional control burning should be carried out when 
there is a sisnifioant increase in the fuel on the ground. Poisoning of unproductive 
thinninga baa been suocessfully oarried out. This allows the trees poisoned to remain 
standing and gradually disintegrate instead of enoumbering the forest floor as they would 
do if felled. This is of oourse better from the fire point of view, but has now been 
abandoned Owing to a change in thinning sohedules which dela,ys the first thinning to age 
nine when more utilisable material oan be obtained. 

Effect on inorement 

Measurements oarried out in a aeries of nine plots in three oompartments and burned 
yearly s1nce 1972 indioate that so far there is no sigpifioant effeot on inorement. 
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UnderstorY .peoies 

At Chichele Plantation infe.tation by Lantana camara is e%tendve, and it has been 
found that the .tooking of this has been considerably reduoed by repeated control burning. 
It is unlikely that oomplete eradication by fire will be possible due to infested anthills, 
but lantana can be kept suffioiently in cheok to allow almost unrestricted access. This 
is important in allowing forest operations to take plaoe and for fire control, espeoially 
as lantana bunla severely later in the dry season. 

The oost of the operation using an average gang of eight men and two vehicles is 0.30 K.2I 
per hectare. This does not include the cost of one forester, and one forest ranger Mho 
are also normally in attendance. About 80 ha can be burned in one night by this force. 

Firebreaks 

Internal firebreaks 

In the past a number of different firebreaks have been tried, but now the leaving 
of large areas of unplanted land, with a high work load for no return, and of doubtful value 
for stopping high intensity fires, has been discontinued. It is considered that graded 
compartment roads oombined with oontrol burning and compartments of thick barked eucalypts 
strategioally placed across the prevailing wind to break up large pine areas will be 
adequate. The graded roads will stop low intensity fires and allow spee~ access, and 
control burning will provide areas of low fuel loading. The species favoured for planted 
firebreak compartments is Eucalyptus cloeziana whioh can be safely burned at about age 
four and is useful commercially. 

External firebreaks 

Boundaries are protected by a graded strip five metres wide immediately alongside 
the plantation. In addition between this and the indigenous woodland a ten metre wide 
strip is rolled and burned off at the end of the rains. On certain dangerous boundaries 
where there is much foot traffic, there is a further graded stri~ outside this. 

There are obvious advantages in streamlining boundaries and this is being done in 
new areas even thoush it may mean the inclusion of some poorer planting land. 

Woodland 

'nle adjacent woodland is intensively early burned as the grass dries out, and again 
after leaf fall oare being taken to avoid damage to the canopy. Anthills in the fire
break and on th~ edBe of the woodland have in the past provided a sprin&,-board for fire 
to jump into the plantation sO these are now being systematically cleared of vegetation. 
Dead and dangerous trees on the woodland edge need to be felled and oleared awa;y. 

Gradin~ with a oaterpillar 120 Grader costa K 15.11per kilometre and rolling a 
further K 15/km. 

11 1 K • USI 1.56 
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FIRE WABNING SYSTl!M 

Fire Towers 

Fire warning is based on a series of steel towers strategically placed throughout 
the plantation at roughly 10 laD intervals. Advantage is taken of any suitably placed 
hills to reduce the height of towers at these points. 

It is important in locating towers that good cross bearings can be obtained. 

Fgui pmen t 

Towers are fitted with a bearing indicator with a simple sighting device reading 
horizontal angles to the nearest degree. These are set up to coincide with protractors 
marked on the plotting map in the fire control centre. Communication is by means of a 
portable radio powered by a heavy duty 12v battery kept in a locked steel box at ground 
level. Batteries last on an average three weeks before having to be brought in for 
charging. Look-outs are provided with binoculars, water bag, protective clothing and a 
seat. 

Manning 

As fire danger progressively increases, tower manning is increased from a single 
shift at the beginning of the season to three eight hour shifts on strategic towers. Only 
five fires were recorded as having started between 22.00 hours and 06.00 hours during the 
1915 season; these did little damage and were readily controlled. 

Fire Control Centres 

Easch plantation group has its own control centre manned by a radio dispatcher on 
an eight hour shift basis. This man is responsible for plotting smoke reports from the 
towers and taking appropriate action. He maintains a log book, ohenks vehicles and 
towers in the field hourly, changes batteries and takes meteorolOgical readings. Much 
of the radio time is occupied by administrative messages, but in case of fire these can be 
halted. 

Frequency 0 f Fires 

In 1915 at the two main plantation centres, 2 121 smoke reports were received of 
whioh 691 were investigated and 41 fires were suppressed. 

Normally, fire watoh begins in~. !lbere is a build-up of fires until June when 
the total remains fairly constant. It starts falling off in October, with the fire 
season ending towards the end of November. 

FIRE SUPPRE3SION 

General Orsanisation 

Every employee is liable to fire fighting duties, but initial investigation and 
suppression is oarried out by trained teams normally consisting of two ganga of six men 
plus supervisor stationed at each plantation centre and travelling in :t\llly equipped vehicles. 
lt is only when conditions warrant that the larger organization is oalled into servioe, 
as detailed in the fire plan. P'u.l.1-time fire te&ll1ll are backed up by stando-by ganga. It 
is hoped that the whole labour foroe will eventually become versed in the e~ements of fire 
suppression. 
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'lYP8s 0 f Fire 

( 1 ) Grus fires in young plantations spread rapidly, but vehicles using water 
can uaually be driven into the compartments. KnoclG-down can be acoomplished quickly, but 
there is need for efficient follow-up by men on foot to ensure that the fire does not 
restart. 

(2) In older compartments trees reduce the wind, and rate of spread is' less, 
espeCially if control burning has been practiced, but here vehicles are oonfined to roads 
and so are mainly use:f'ul in stopping apread from one compartment to the other. In this 
case oontrol must be achieved by hand methods as detailed in Cheney's report. 

Hand Fquipment 

McLeod tools imported and fitted with bamboo handles locally, are excellent for fire line 
ccnstruction in litter fUels. 

Shovels are used nosed, fitted with long handles and sharpened. 

:Brush hooks are used for clearing branches and light growth ahead of fire line construction. 

~ are useful when larger material such as trees felled in thinninga, is enoountered. 

Knapsack spra..yers-An excellent design has been imported from Australia consisting of a 
sixteen litre plastic tank with pump and hose clipping neatly round the outside. 

Drip torches are very efficient when quick lighting up is required. 

Mechanical Equipment 

Vehicles 

For Zambian conditions experience indicates that a fast (at least 100 km/hour top 
speed) 4-wheel drive vehicle of about 3 tons capacity is best. This should be fitted with 
an internally baffled steel tank capable of holding about 1 400 litres of water, pump, 
hose reel and hand tools. At least one larger tanker should be available in each area. 

Water pumps 

A centrifUgal pump producing a pressure of at least 10 bars with a good filling 
rate at low pressure and hand cr other priming facilities is recommended. 

other equipment 

HoJ;Meels should be of the vehicle type supported at both ends and capable of 
c ng up to 60 metres of 20 mm rubber hose. 

Branch pipes should have spr~ and jet facilities and positive shut off. 

Hose-Strong fabric reinforced rubber hose of 20 mm and 25 mm ill used. Canvas 
iiOii'8 is lll&inly used for tank filling, but a few lengths of 38 /DIll are carried on the large 
tankers for use in case of a sawmill or other sta.tic fire. Generally, vehicles fight 
fires while on the DIOve so it is undesirable to have them anchored to long lengths of hose. 

Slip-on units oan be usefUl on conventional lorries or light trucka, and should 
oonsist of lisht steel, internally bafned tanks with a small pump and hose reel DIO'\lllted 
on the top. 'lhese are loaded empty and then filled with water. Hand tools and all other 
equipment neoessary should be kept at the loading point. 
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Wheeled bower. towed by tractor or land rover oan be useful. 

Fire Weather Information 

Oenerally speaking, fire weather in Zambia gets progressively worse as the dry 
.eaeon progres.e., though there are d.a;ys when conditions can be more severe than expected. 
With this in mind forecasts are obtained form the Meteorological Department each afternoon 
for the followinf ~ of: (1) maximum wind speed, (2) wind direction, (3) rna.J:imum 
temperature and l4) minimum humidity. 

This gives a ohance to plan activities ahead and to alert. any extra forces which 
~ be neoessary. 

In addition, looal weather information is oollected at fire oontrol centres at 
09.00 and 16:30 daily consisting of air temperature, wet bulb and ma.:timum and minimum 
temperature. Wind direction and speed are recorded hourly. Any rainfall is measured 
and a thermohygrograph makes a seven d.a;y chart of temperature and humidity. 

Weather information is used in compiling fire reports, calculating the drought index 
figure (see Cheney, 1971) and computing the fire danger rating using the McArthur Forest 
Fire Danger Meter. 

Cheney, N.P. 
1971 

Laurie, M. V. 
1974 
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The savanna occupies between 75-80% of the entire vegetational area of Ni~eria. Thus, 
of the total forest reserve area of about 96 000 km2, the savanna covers about 76 000 km2• 
However, much of the savanna reserves are low value forests with a lot of grasslands. On 
the other hand, the estimated 20 000 km2 of high forest reserves which have considerable 
industrial potential may be unable to sustain the extremely heavy demand to which timber is 
put. 

At present, about 1;1 million cubic metres of wood is consumed a.nnually in Nigeria. At 
this rate, the high forest would be used up in not more than 30 years. It is therefore 
essential to find means of augmenting the supply of timber in the countI"J, partly throuch 
rehabilitation of the savanna. Besides, ready availability of timber for immediate local 
consumption is also desirable for the savannas. 

In these circumstances, the vast savanna needs to be converted into productive forests. 
Such massive efforts to establish man-made forests require intensive research and large
scale management techniques. No doubt, the resulting artificial'forests would conspicuously 
laok the biologioal balance whioh is obtainable in natural forests. Subsequently, this has 
given rise to a number of forest and timber diseases and insect problems, some of which have, 
on occasions, assumed epidemic dimensions in monocultural practices. Some of these have 
either direot ly seriously disoouraged the successful establishment or the rranagement of 

11 Paper for Symposium on Savanna Afforestation 
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oertain tree speoies, or have adversely influenoed the morphogenesis of nursery and planta
tion stands, resulting in very poor yield. 

There has been very little researoh oonducted on forest and timber insect pests in "'.he 
savannas of Nigeria. Roberts (1969) conducted the first general forest insect studies in 
the savanna beginning in 1962, whioh was in the form of ~ forest insect survey. This was a 
oontinuation of a similar work initiated in Nigeria by Eidt (1963), but which was then 
restrioted to insect pests of indigenous tree species of onlr the lowland rain forests. 
Earlier, the West Afrioan Timber Borer Researoh Unit (WATBRU), with its main activity 
centre in Ghana, also extended its timber insect research to Nigeria but on a rel~tively 

smaller soale. However, detailed biologioal studies on some important timber insects, 
nainly beetles, were oarried out (WATBRU Reports 1953-58, 1959, 1"960, 1961-62). In 
addition, effective methods of control of termite in young Euoalyptus plantations were 
initiated by Lowe in 1960. further experiments were also carried out by Sands (1962 a, b). 
It is now the normal practice to treat Eucalyptus seedlings for termites before they are 
planted out in the field. 

The forest disease survey of Parker (1964) noted a number of plantat ion and nursery 
diseases in the savanna areas of Nigeria. Most of these were at that time caus~ng only 
minor damages, notable exoeptions being damping off diseases in some nurseries and the 
root rot of !. oamaldulensis at Okene caused by Polyporus sp. 

As teak planting became extensive in the savanna areas, the root rot of the genus 
became so significant that much attention was devoted to it (Momoh, 1973 and 1974). Other 
disease problems relating to plantation establishments in the savanna have also been 
recorded and studied briefly or in detail (FAO, 1970). 

MAJUR INSECT PEST PR!JBLEID 

The savanna forests have had less frequent serious outbreaks of insect pests compared 
to the rain forests. The major reason for this is probably climatic. Nonetheless, there 
have been sporadic insect problems of major dimensions. 

Perhaps one of the major serious insect problems ~s found on the mahogany. The 
mahogany is a composite name embracing the group of trees in the Meliaceae family. This 
family represents some of the most prized and popular indigenous tree species of local and 
export value. In Nigeria, all members of one subfamily, the SWietenoideae, are attacked 
by the well-known "ltkhogany BoreI'" Hypsipyla, a pyralid, and closely related species. They 
attaok the shoot, stem, bark, flowers and fruits of the host trees. The impact of this 
pest generally discourages the establishment and successful management of the susceptible 
species. However, in the savanna Khaya) senegalensis, apt.ly called the savanna mahogany, is 
the more widely planted (as shade trees particularly in the northern Guinea und Sudan 
zones. In the derived savanna, !. ivorensis and !. grandifoliola are examples of the other 
common plantation mahogany species. All these are similarly severely attacked, although, 
acoording to Roberts (1969), there are usually fewer generations annually than in the rain 
forests of the south. 

There are a number of other insect pests of the mahogany, but the impact of these is 
much lese severe than that of the Pyralid borers. A few important defoliators and borers 
inolude: Paohypasa dentioula Bethune-Baker (l.asiocampidae); Pseudobuneae epithyrena 
(~sen & Weyding), Lobobuneae ohristyi Sharpe, Nudaurelia dione (Fabricius) (Saturniidae); 
Cryptoblabes Shidiell& (Milliero), Pyralis manihotalis (Gueneey-(Pyralidae), the calliphorid 
fly Luoilia oURrina (Wiedmann) and a host of others, inoluding some beetles. Some of these 
pests have a wide host range. For example, Roberts (1969) found P. dentioula to oocur 
throughout most of the savanna and was recorded on Eucalyptus oarmldulensis, the favoured 
host, !. deslupta, ~. miorotheoa and !. teretioorniB. The larvae of this speoies attacked 
eucalypts of between 3-16 years old, while they attacked as muoh as about 18% of older 
stands measuring 14-20 m high. 
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The major inseot pests of Danie11ia spp. are some of the beetles whioh attaok felled 
timber and lumber. Others are those whioh attaok wood and feed on oambium of plantation 
and natural trees. However, muoh of the infestation is apparently seoondary beoause often 
predisposing faoto:s such as reduced vigour or meohanioa1 damage, play important roles. 
Among the beetle t1mber borers of g. oliveri are the longhorn beetle (Cerambycid) 
P1ooaederus,viridipennis (Hope) whioh attaoks felled as well as living trees, and 
Paohydissus oamerunious Aurivi11ius. In the latter oase, a heap of dust under a severely 
attaoked tree is diagnostio, and oooasiona11y heavily attaoked trees are killed. The oon
diti~n of.predisposed trees may be worsened by the following inseots: Xj10parthe1la 
orin1tars1s Imhoff a oommon polyphagous speoies, Sinoxylon rufioome Fabrioium 
(Bostrychidae)i and oertain oolydid and ourou1ionid speoies. 

Isober1ina ~ is another oommon indigenous savanna speoies whioh is attaohed by a 
host of inseots, major among whioh are oertain Lepidoptera. Two of these, Elaphrodes 
duplex (Gaede) and the prooessionary Epanaphe moloney, (Druoe) (Notodontidae) are 
defoliators of I. doka, the former to suoh a serious level that attaoked trees are often 
oomp1ete1y strippe~The Iasiooampid G. rufesoens is also a serious defoliator, but such 
heavy defoliation is usually 100a1ized: 

The nootuid Crypsotidia oonifera Hampson severely defoliates oertain Aoaoia spp., 
espeoia11y A. a1bida. It is oapab1e of oausing up to 50% defoliation on large trees. 
Among the other numerous inseot pests of the Aoaoias is the nootuid Pandesma anysa Guenee, 
whose habit on its host is similar to that of C. oonifera, and Charaoome ni10tioa Hmp., 
whioh attaoks fruits of !. nilotioaj and the psyohid Cryptothe1ea Junodi (~eylaerts), 
whioh is a widespread defoliator of the Aoaoias. Reoent1y a new, undesoribed inseot 
speoies was reported severely attaoking Aoaoia ni10tioa. The weevil, Paohyonx sp. bores 
the shoot of the host and forms galls. It is oonsidered to be a potentially dangerous 
pest whioh has affeoted about 150 aores of plantations. Other important hosts of E. ~unodi 
ino1ude the exotios Euoa1yptus oama1dulensis, !. deg1upta, the partioularly favoured 
!;. tore1lianaj and the native Anogeissus leiooaryus and Bauhinia rufesoens. Certain 
speoies of eucalypts also suffer attaok by ~ a1oinoe Cram, a saturniid defoliator whose 
wide host range also inoludes some speoies of mahogany, Balanites aegyptioa and Cussonia 
bater1. 

Other inseot pests also ooour on the euoa1ypts and these inolude defoliators, miners, 
rollers, and oase bearers, apart from the damage done by wood and oambium ooleopterous 
borers as well as girdlers. The former group is of more importanoe during the produotion 
stage as it affeots the oondition of the hosts to various degrees. More serious however 
is the damage done to Euoa1yptus spp. by termites. Usually, euoalypts have to be treated 
at the nursery or early plantation t:!tage against termite infeotion. A laok. of treatment 
might lead to exoessive losses 1/. 

Termite attaok also ooours on some other exotios but is normally less signifioant or 
only seoondary on speoies like pines, neem and Aoaoia. Aooording to Lowe (1960), termite 
attaok had been a deterrent to the establishment of euoa1ypts in the savannas, although 
some treatments against termites have oonsiderab1y improved the situation. Thus, the 
impaot of termites on forestry development, especially in the savanna, oannot be over
stressed, not to belittle their role in the biodeterioration of wood in storage, transit 
and use. 

1/ See Laurie (1974) for use of inseoticides dieldrin and aldrin for proteotion against 
termites. 
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The widespread orthopteran Zonogerus variegatus L. (Pygomor Phidae) feeds on pines, 
but with no severe effeot. Generally, the pines, Gmelina arborea and Azadirachta. indioa, 
among others, are attacked by only few insects. Dalbergia sissoo and the eucalypts, on the 
other hand, suffer attack by the Diacrisia lutescens (Walker). This arctiid is found in 
murseries and plantations. Also Tectona grandis harbours some insects but the damage done, 
though sometimes to a significant dimension, has not often caused serious concern. In 
general, numerous other insects have been recorded on various tree hosts in the savanna, but 
apparent ly most of these have been within tolerance leve Is and have so far been contained 
by the respective hosts. 

MAJOR DISEASE PRJBLEM:) 

The most economical plantation disease that has been recorded in Nigeria is the root 
rot of teak (Tectona ~randis Lin. F.) caused by Rigidoporus lignosus (Klotzsch) Imazeki. 
The disease occurs widely in the derived savanna areas of Nigeria, except in Nimbia. rrhe 
percentage death due to this disease '/aries from one locality to another. f'l loss of about 
30% has however been recorded (lobmoh, 1974) at age 5 in Egabada (Idah area). 

The disease is more seve re on poorly drained sites, although it is capa.b le of occl'rring 
over a wide range of geological formations. The first visible signs of the disease are 
normally yellowing leaves which tend to drop prematurely. These visible symptoms however 
only develop after a severe infection of the root system and the host is on the veree of 
death (M:>moh, 1973). Sporocarps mayor may not develop on the affected host. 

Teak trees have also been found to die in some localities from a die-back disease 
caused by Stemphyllium sp. The pathogen is Closely followed by Beltrania. 

Although Euoalyptus spp. are widely grown in the savanna zone of Nigeria, its diseases 
have been few. A Ceratocystis sp. has been found to be associated with wat~r stress in the 
death of E. robusta in a few areas. Such deaths only occur at the peak of the dry season. 
Unidentified bacteria have also been found to oause necrosis of leaves on E. camaldulensis. 

In some parts of the southern Guinea savanna there has been sporadic occurrence of the 
root rot of gmelina (Gmelina arborea) raised from stumps. Such infections also sometimes 
oocur on stumped teak and are normally due to fungi of a wide host range such as Geotrichum 
and Gloesporoides. 

Speoies of Pestalotia and Pestalotiopsis ana frequently associated with the die-baok 
of a number of plantation trees. They have also been found to be assooiated with the 
necrosis of ageing needles of various pines. Nigeria (and the re"1. of West. Africa) has so 
far not suffered from the notorious Dothistroma blight of pines, but Pcstalotia is known in 
East Afrioa to be sometimes associated with suoh blights on Pinus radiata which is not an 
important plantation species in West Afrioa. Nevertheless, ~ommon occurrence of 
Pestalotia in West Africa gives food for thought and vigilanoe. 

At the nursery level, damping off disease is experienced to varying degrees in a few 
localit.ies. The disease is no longer signifioant in many nurseries whioh have developed 
valuable techniques and whioh use container "pots" rather than germination beds or boxes 
for raising seedlings. The common damping off fungi inolude ~izoctonia solani and Fusarium 
spp. 

Timber harvest is ourrently done only in areas of the derived savanna. The harvested 
species include various light coloured timbers that are susceptible to the blue staining 
fungus Botrrodiplodia theobromae. Infeotion is more severe in the wet season than the dry 
season (Momoh, 1966). It can be controlled by ~uick extraotion followed by rapid 
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oonversion and drying. As infeotion oan ooour within a few days, ohemioal treatment 
immediately after felling is desirable if logs are to be left in the green state for up 
to a week or more. Different chemioals oan be used for spraying or dipping (Momoh and 
Oluyide 1967, Momoh and Aka.nbi, 1969). 

CONCLUSIUN 

Although preliminary diseases and inseot pest surveys have been oarried out in the 
savanna areas of Nigeria there is a need for oonstant vigilance and further periodio 
surveys to ensure that any disease or insect pest outbreak is cited and ourbed before 
extensive damages are done. The root rot disease of teak and the Pachyonyx attack on 
Acacia are olear in~ioators of the necessity of a continuous survey. Such sudden out
breaks of diseases or insect pests have also been noted in savanna areas of other parts 
of Africa. The 1972 outbreak of Phoracantha recurva in Zambia, a sporadic outbreak of 
Plagiotriptus pivinorus in Malawi and the root rot of Eucalyptus caused by Phaeolus 
manihotis in Ghana are other notable examples. 

Thus it is desirable to have a periodic routine survey for diseases and insect pests 
in forest nurseries and plantations. These natural human enemies knOl-l no politioal 
boundaries. A close cooperation between the pathologists and entomologists of different 
nations is therefore esser.tial. 
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In reoent times suffioiently suocessful methods of establishment of forest stands in 
the savanna areaa of Nigeria have been developed. 

During plantation establishment and maintenanoe, foresters met with many problems, 
dangers and various bottlenecks before achieving their desired objectives. The most difficult 
problem that haa plagued foresters in savanna regions has, however, been the protection of 
plantations against the biotic elements of the environment. For this reaaon, various methods 
of protection have been devised over the years, all with varying (Lgrees of success. Of the 
biotic factors, man and animals present a special type of problem. This paper deals with 
some aspects of the methods presently in use to protect plantations against man and animals 
in Kano State in partioular and the savanna zones in general. 

'I'he general methods of proteotion include fenCing, mass propaganda, cultivation, and 
keeping of watchmen. 

Fl!NCING 

This method is found to be equally suocessful in keeping aw~ both men and 8l1imals 
from plantations. The presence of a fence impresses upon any individual the fact that the 
&rea fenced is out of bounds, aa this practice is even common among indigenous people as a 
means of protecting their private properties. 

In Kano State, forest plantations are fenced using 4 feet (1.2m) high cattle fencing 
wires supported by 6 feet (1.8m) high azara (Bora.sus aethiopium) posts spaced 10 feet (3m) 
apart with one strand of barbed wire about 4 inohes (10 om) above the fenoing wire. AlternlV
tively, four strands of barbed wire spaced horizontally about 2 feet (60 em) apart up to a 
height of 5 feet (1.5m) on Borassus posts is sometimes used in the absence of cattle wire. 

These methoda have been found to be effective only in keeping off man. 

A slight modifioation of the first fencing method described above has been found to 
be effective against cattle. 

FenCing a plantation by using 4 feet (1.2m) hip oattle fenCing wire attached to 6 
feet (1.8m) azara posts spaced 10 feet Om) apart and putting only one strand of barbed wire 
in the middle is hiply effeotive in preventing cattle damage. Sinoe oattle do not feed on 
Azadirachta indioa (Neem), Eucalyptus speoies, and Cassia siamea (Kashiya), unless in extreme 
drought conditions, in a plantation of these species the fence could be removed two to three 
year. after stand establishment or when the species olose oanopy. But in case of Kha,ya 
senegalensis (Madaci), Dalberg1a sissoo (Dalbegia), Aoacia nilot1ca (Bagaruwa), Aoacia albida 
(Oawo), etc., fenoes should not be removed until the planting stocks reach a height of up to 
15 - 20 feet (4.5 - 6 m). Also, if exploited the coppice should be fenced until they reach 
the .... height before the fence is removed. 

The £oat i. readily the most notorious animal causing darDage in plantations. It feeds 
on alao.t anything green. The thorn. which characterize the Acacia species do not deter 
this .n1mal from browsing freely on shoots of the species. Also, beoause of its size, it 
oan e .. ily squeeze throup small openings which oan keep awl\)" man or cattle. Effective 
tenoing against goats consists of using 4 feet (1.2m) high pig or oattle wire attached to 
6 teet (1.8m) high Boraasu8 posts spaced 10 feet Om) apart but with two strands of barbed 
wire. One ot the strandll ot barbed wire should be on top, while the other is in the middle 
ot the wire netting. In ad!ition, earth mounds are made at the bue of the wire netting to 
oover the tirn t_ boriaontal .trmd. ot the wire netting. This is to prevent the goat tl'om 
.lippi;a8 UIl4em_tb 'the w1re at P'DUIld 1e .. 1. Op_ing. or entranoe. lIhou1d b •• ini.h.d along 
til. taoe. It 1. a4v1.a'ble to Wle ladder. looated .t oonvenient point. along the t_oe .. a 

a. ot . ..,uaintr atraDGe into tile tenced ar.a. 
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The above m.~od ia equally effective in keeping out aheep. 

One or two atrands of barbed wire alone have been found effective in keeping off 
cBlDels. 

Except in remote forest reserves, damage from wild animals is not likely as the are .. 
in which f~rest plantations are located are generally in localities that have been continuously 
under oult1vation for decades. It is thought, as of now, that the fenCing method used for 
keeping out goats will be sufficiently effective in keeping out some wild herbivore. 

MASS PROPAGANDA 

This could easily be one of the most important methods of protecting plantations 
against man if well org8l'lised. However, experience has shown that this method does not work 
in sparsely populated areas. This system usually involves the broadcast of instructions in 
public places such as market., featival squares, churches, and Frid~ Mosques, etc., that 
specific areas have been declared out of bounds. It is usual to stipulate a penalty of 
either a fine or term of imprisonment or both for offenders. 

Sometimes radio discussions on the reasons for protecting these areas are held in 
local languages. Documentary films are also shown on mobile cinemas to get the message 
across to the population. 

However, people are still known to trespass without being caught in spite of the 
propaganda. 

CUL'l'IV A'l'ION 

This is a method of protecting plantations against incidental. activities of man. In 
the savanna areas of Nigeria, various species of grasses are commonly used for thatching of 
roofs, mat-making and as fodder. People therefore go about collecting these grasses in 
plantations and very often set fires to the grasses intentionally as a means of promoting 
their active regrowth. Sometimes the fires are set malioiously. Cle8l'l cultivation is 
normally carried out in August and January in newly established plantings to keep off the 
grass. In Kano state, oultivation. i8 done mechanically. 

KEm'INC OF WATCHMEN 

In addition to a fence, a watohman (locally known as a maigadi) should be employed in 
an area with over 100 acres (40 hectares) of forest plantation. It has been found that in 
a plantation with over 100 acres (40 hectares), fencing alone could not suffioe unless a 
proper watchman is employed to look after the area. 

The main duty of a watchman is to cater for the general welfare of the plantation. 
This includes the repair of fences, reporting any out-break of diseases, pests, fires, etc. 
His main attributes should be high influence among the entire people of the area, fearlesanelJ8, 
devotion to duty and knowle~e of the area or beat he is watching.' 

Experience has show that putting a watohman in an area is much better and more economical 
than fenoing a .mo le area with chain links if it comes to the protection against man I 8 atroci
ties. 

It is important to mention that protection is an expensive item in foreat plantation 
eatablhhment in the savanna areas (especially in the Sudan zone). Coat analyses of fencing 
in Kano State are shown in Tables 1 and 2 following. Cost figures ahoWl do not include 
IlUpervis1on. Fencing coat alone is knOWl to account for about 7f11, of the cost of establishing 
plantations in the Sudan IIOne in Kano State. 
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coS!' ANALYSIS !lOR FmCING 100 ACRES PLANTATION 
OF DIMlINSIONS 40 x 25 CHAINS 

Speoifioat ions 

1. Shape of plantation: rectangular (40 x 25 ohs) 

2. Perimeter: 130 chains (8580 feet; 2574m) 

3. Azara interval: 10 feet (3m) 

4. Strands of barbed wire used: 2 

5. Number of bindings against azara poats: 3 

6. Length of fenoing wire: 165 f't (50 meters) 

7. Length of barbed wire: 660 ft (220 meters) 

8. Length of binding wire: 1000 ft (333 meters) 

9. Length of azaras: 6 f't (2 meters) 

10. Cost of cattle fenCing wire: 530 (about u.s. $48) 

11. Cost of oattle barbed wire: 520 (about U.S. $32) 

12. Cost of cattle binding wire: 520 (about U.S. $32) 

13. Cost of oattle asara posts (12') - 51.20K (about U.s. $1.92) 

14. Labour for fencing: 3 man-da,ys/acres (7.5 man-days/hectare) 

15. Labour for trench malting: 5 man-da.va/acre (12.5 man-da.va/hectare) 

MATERIALS NO OF ITPltl.S 
NEEDED 

Cattle fenCing wire 52 

Barbed wire 52 

Binding wire 3 

Azara posts 430 

Cost of materials 

Labour for fenoing 

Labour for trenching 

Grand Total 

COS!' PER 
UNIT 

530.00 

520.00 

520.00 

51.20 

TOTAL COS!' 
(100 acres) 

51560.00 

640.00 

60.00 

516.00 

52776.00 

525.00 

875.00 

51400.00 

54176.00 

R])'!ARKS 

2 strands 

(to be cut into 2) 

Cost per acre 541.16 (about U.S. 867) 

Cost per hectare 5104.40 (about U.S. $167) 
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C091' ANALYSI S !lOR FmCINO 1 MILE OF fllELTERBELT 

Speoifioations 

1. Shape, linear, 1 mile b,y 110 feet (1.6 km x 33m) 

2. Perimeter: 10780 feet (3593 meters) 

3. Azara intervals: 10 feet (3m) 

4. Strands of barbed wire used: 2 

5. No. of bindings against azara posts: 3 

6. Labour for fenoing: 60 man-da.Ys 

7. Labour for trenohing: 100 man-da.Ye 

MATERIALS 

Cattle fenoing wire 

Barbed wire 

Binding wire 

Azara posts 

Total for materials 

Labour tor fenoing 

Labour for trenching 

NO. OF ITENS 
NEEDED 

65 

34 

8 

1078 

Grand Total 

COSI' 

COSI' PER UNIT 
ITENS 

)130.00 

30.00 

20.00 

1.20 

TOTAL COSI' 
(l MILE) 

)11950.00 

680.00 

160.00 

1293.60 

114083.60 --------
105.00 

175·00 

)14363.60 --------

RDiARKS 

2 strands 

(to be cut into 2) 

(about U.s. 16980) 

N.B. Number of aores (heotares) for the above dimension - 13 acres (5.2 heotares) 

Average cost per acre - 11335.66 (N839.15 per heotare) -------
Cost per aore (hectare) of agrioultural land proteoted at interval of 700 feet (210m) 

between belts - )148.00 ()l120.00 per heotare) _.----
N.B. With referenoe to the tables of cost analysis, it oould easily be seen that it i. much 

cheaper to fenoe a plantation with more or less equal dimensions. Wherever possible, 
the ahape of plantation should not be linear unless the desired objeotive is shelterbelts, 

It is found that very good cattle fencing wires oould continuously be used up to ten 
years. Also, black and matured azaras oould be used for about six to ten years. Except 
in extreme oase., barbed wire could be used for well over ,two decades. 
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?1t:: 

Foresters have for many years realised the need for planning because the long 
rotation of their crop meant that mistakes were both time-consuming and costly. The 
framework of their planning was the working plan, which gathered together information on 
a particular area and from this prescribed the action that was to be taken over a period 
of years to achieve the objects of management of the plan. At its simplest the working 
plan might prescribe no more than that records should be kept, but it is often from this 
repository of information that modern plans are made up. 

The traditional working plan did not, however, take into account the interactions 
with other sectors, nor even between working plan areas within the forestry sector. The 
plan period was generally 10 years, but if conditions changed durine that time it was 
necessary to get sanction from the highest authority to change the prescriptions. Although 
annual records were maintained, performance was not always compared with the plan targets. 

11 Paper for Symposium on Savanna Afforestation 
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Modem planning seeks to take into account the needs of the country and to set 
objectives for supplying them. Planning is the means of foreoasting how those direotives 
~ be achieved, but also retaining sufficient flexibility so that the plan can be altered 
to meet changing cirownatances quickly. For this to be done, there must be a oonstant flow 
of accurate inform&tion from the project or seotor which can be readily analysed. 

THE NATIONAL DENELOPMmT PLAN 

Most countries have a national development plan whose objectives are the outcome of 
political processes. In the long term the objectives may be unquantified and generalised, 
e.g. "to improve the standard of living of the people", but in the short term the objectives 
may be quantified, e.g. "to produce enough pulpwood to meet the country's requirement before 
the end of the five year period". The task of the planners is to formulate the methods by 
which the objectives will be achieved, and some of the objectives may in fact become 
constraints in certain sectors. 

Forestry will have an important place in the national development plan of many countries. 
Demand for forest products ~s increasing rapidly and there ~s also the attraction that 
development takes place in rural areas. 

PLANNING IN THE FORESTRY SEX:TOR 

Regardless of the structure of the forestry sector (i.e. the division between State 
control and private enterprise) there must be an overall policy. This is a statement of 
the objectives laid down for the forestry sector. 

Within the forestry sector, a planning unit should be set up to determine the means 
of achieving the objectives of the policy. In order to do this, the organisation should be 
capable of: 

1) collecting and analysing the data; 

2) formulating alternative courses of act~on for attaining the objectives; 

3) evaluating the choice available according to various criteria; and 

4) monitoring the implementation of the plan and taking the necessary action to 
correct it as conditions change. 

The planning unit must first identify the services and products demanded by the 
sector. Table 1 illustrates this for Nigeria, and similar trends are apparent in other 
African countries. 
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TABLE 

Projected Demand for Forest Products in Nigeria 

1974 1980 1990 2000 

Sawnwood 900 1600 3500 7000 

" per oaput 0.012 0.019 0.032 0.047 

Plywood 45 80 175 350 

" per caput 0.0005 0.0010 0.0016 0.0023 

Other panels 12 66 245 446 

" " per caput 0.00016 0.00078 0.00230 0.00300 

Paper and 

" 
Roundwood 

Sawlogs 

Peelers 

Pulpwood 

Total m3 

particle board 110 210 600 

" per caput 1·5 2.5 5.5 

Conversion 

2300 5000 

240 530 

840 2400 

3380 7930 

Source: FAO High Forest Development Project, 
Federal Department of Forestry, lbadan. 
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In addition to the demand for products, there will be a considerable demand for 
servioes, such as shelterbelts, erosion control, etc., which will be mainly supplied by 
plantations beoause there is unlikely to be any natural tree cover where these services 
are required. Plantations are likely to be preferred for the supply of products too, 
beoause industrial uses require that the raw material is of uniform size with little 
variation in quality. 

An estimate of the forest areas required to meet the likely demand can next be 
made. This should take into aocount future improvements in the efficiency of conversion, 
the effeot of substitutes and the increased use of so-called secondary species. Present 
areas of natural forest and plantations are generally well knwon through the records that 
are maintained in working plans, etc. It is, however, important to ensure that these 
figures are obtained b,y pnysical survey and are not estimates of doubtful accuraoy. 



- 217 -

Yields of natural forest types and plantation species must next be determined. In 
the natural forest, low sampling intensity inventories have been oarried out in most countries, 
supplemented b,y high intensity stoo~mapping undertaken by or for, the logging companies. 
Ther~ is thus a @Pod idea of t~e present yields, but futur! yields may be less easy to 
pred1ct because secondary speC1es have not been included in the past. A further disadvantage 
of previous inve~tories is that ~hey often made no allowance for defect or grade of log. 
Both of these po1nts need to be 1ncorporated into present day inventories to allow for 
technological changes that will in the future permit more complete exploitation of the 
natural forest. 

Yields of the main plantation species have been studied in many countries and sample 
plots have been laid down to obtain data for the construction of volume and yieid tables. 
Preliminary volume tables for the smaller sizes have been produced in several countries for 
the main plantation species planted in the savanna, but often yield tables await the 
acquisi tion of more data as the crops are usually fairly young. The importance of 
establishing permanent sample plots as a routine in all plantation areas cannot be over
stressed; besides providing data for volume and yield tables, they will provide estimates 
of compartment yield (supplemented by temporary plots) and they will monitor the performance 
of the crops through the first and subsequent rotations, an important consideration in view 
of findings with some exotic crops that production falls off in the second rotation. 

PLANTATION PLANNING 

Although it may be necessary to meet much of the demand for services and products 
by the creation of plantations, they must always be seen as part of the whole integrated 
forestry sector and not be considered in isolation. The t1me, the location, the size, the 
species and the technology to be used in the establishment of the plantation must all be 
considered, and in evaluating the benefits there must be knowledge of the product, the 
quantity, the type, the price and the date that it will be available. 

The planning body for the forestry sector must identify proJects which will be the 
means by which the plantation programme will be carried out. It is important that this 
body is not seen as the sole source of ideas for projects, because often line managers 
may have a better idea of the sort of projects that are possible within certain constraints 
of site, staff capabilities, etc. Close contacts should be maintained too with the 
organization responsible for forestry research so that promising lines of study may be 
developed at any early stage. In fact, planning, research and management services (such 
as inventory) should all be part of the same organization. 

After possible projects have been identified and a preliminary screening has been 
done, project proposals must be drawn up for each. Watt (1973) has listed the essentials 
of a project design for presenting to decision makers. They include studies of technical, 
commercial, financial, economiC, organizational, social and political aspects and the way 
in which the project would be financed. The criteria for selection between projects have 
been summarised by Adeyoju (1975) as: maximum volume, employment, balance of payments, 
profits, net discounted revenue (NDR), internal rate of return (IRR), value added, output, 
capital ratio, social marginal product, benefit/cost ratio, marginal per capital reinvest
ment and net social benefit. 

NDR and IRR are the criteria most generally quoted, and sufficiently accurate data 
On costs and returns can usually be collected to make the figures obtained reasonably 
reliable. Criteria based solely on direct economic returns such as NDR, IRR, profits, 
value added, etc., present only part of the picture, and ma~ lead to a choice of project 
which conflicts with @pvernment social policy. Other benef1ts are therefore also calculated, 
and two of the most frequently used are employment and net social benefit. Employment may 
be measured as the number the type or the location of new jobs created, or in terms of net 
value added cost per new'job or the effect,on the re-distribution of income. The saving 
of foreign ~xohange is frequently quoted as a criterion for ~he evaluatio~ of ~ulpwood 
projects in particular, but in fact it may be illusory, for 1n suoh a cap1tal 1ntensive 
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industry the benefits of home produotion may be more than outweighed by the oost of imported 
machinery or raw material and the oost of servioing loans. There is inoreasing world shortag 
of pulp whioh makes it neoessary for Nigeria to satisfy this need in the rapidly expanding 
home market and perhaps also for the export world. Inflation makes it better to invest now 
rather than to delay into the future. 

In order to select between projeots, they may be ranked aooording to several of the 
oriteria, but even then the final ohoioe may be influenoed by other faotors. These include 
interaotions with other projects wi thin or outside the sector and the flexl bili ty of the 
project to adapt to unforeseen circumstances, in particular inflation. 

The monitoring of the performance of the project against its targets will largely be 
done within the project as will muoh of the adaptation of the methods or targetc to meet 
looal oonditions. There will, however, be a need for monitoring at the national level for 
oontinuing interaotions between projects, reactions to national pollcies and evaluatlon of 
the performanoe of the projeot. The seotoral planning unit will also be responsible for 
oo-ordination between projeots. 

IMPLICATIONS OF A NATIONAL PLAN:TATION PROGRAMl'IIE 

Where it is deoided that all or part of the national requirements of forest products 
and servioes may best be met at some future datl: by the oreation of plantatlons, there 
may be implioations far outside the forestry seotor. 

The first is that forestry may be an excellent means of implementing government plans 
to raise the rural standard of living and oheok the drift to the towns. For example in 
Nigeria, it is hoped to aohieve this through rural forestry development projects suoh as 
agri-silvioulture, promotion of the development of farm wood lots and oommunally owned 
forest plantations. Large labour foroes will be required near the plantation, and it will 
be necessary to house the workers and offer various sooial servioes if a permanent, skllled 
labour foroe is to be retained. But full time employment of labour will remove them from 
subsistence farming where they worked mainly to feed themselves and their families and to 
sell surplus foodstuffs. 

Labour foroes are still likely to grow a small portion of their food requirements 
outside working hours, but in order to supply their total needs and to produce more food 
for the rest of the population, large agri-silvioultural sohemes will have to be developed, 
based upon the proper planning of the potential of the land for growing various crops. 
The savanna and derived savanna are potentially suitable for this as they have high rainfall 
during the growing season and high sunshine hours during ripening and harvest of erain 
crops. This will require some degree of meohanization for the following reasons: 

1 ) 

2) 

Soale. Manual methods on the soale of most large plantation schemes would impose 
an-enormous administrative and managerial burden. 

Timing. Several operations, suoh as the sowing of orops, have to be done in a 
very short period. 

Cost. 

Compared to most developed countries, however, the labour oomponent will still be 
high, espeoially in nurseries, for planting and in some maintenanoe and harvesting operations. 

It will be necessary, too, to integrate the present timber industry more olosely with 
the plantation sohemes to get the most suitable areas of high forest harvested at the right 
time. More coeroion may be neoessary to foroe the industry to take more of the seoondary 
speoies in order to olear the land more thoroughly. 
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More training in managerial techniques for graduate staff will be required, possibly 
with a reduction in biological studies. More specialists will also be required, and there 
will be a need for re-training staff at frequent intervals to update their skills. In 
order to speed up reporting, it is likely that the traditional line of command may be 
short-circuited in order to produce figures for speedy monitoring. 
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INTRODUCTION 

Foresters are long established as planners and managers. The traditional "working 
plan" provided a baais for effective continuity, and by collecting recorda a reasonable 
base for future planning was built up. Modern planners (Johnson, Grayson and Bradley, 
1967) have suggested that these plans have three main deficiencies: they lack flexibility; 
there is no definition of criteria by which to judge the relative success of alternatives; 
and the planning was generally only at the forest level. 

Planning is used to describe anything from a series of arbitrary decisions to a 
critical and sophisticated investigation into the whole range of possible choices open 
to an enterprise. The planning of a savanna afforestation enterprise will be considered 
in the follOwing sequence: 1) the "outline project", 2) preparation of the "detailed 
project" and 3) preparation of the "project planting plan". 

Subsequent to the planting or establishment plan it would be necessary to incorporate 
or prepare a plan for exploitation, but that consideration, which increases the complexity 
of planning, lies outside the scope of this discussion. 

The main reason for planning a project is to maximise efficiency, so that the plan 
will represent the most efficient courses of action to achieve the stated objectives. The 
final form of a sound plan results from a process of successive approximations, and many 
possible activities may be repeatedly analysed with different data, but in the final 
analysis that what is planned on paper should be realised on the ground. 

THE OUTLINE ?ROJ ~T 

The outline project may be generated by a forest department or by the national 
planners. One of the first essentials in identifying a project is a measure of the supply 
and demand for forest produce which should indicate where priorities for development might 
occur. For instance in Nigeria, Thulin (1966 and FAO, 1970) prior to 1970 carried out 
a survey of the general consumption of wood products in the savanna region and of possible 
trends in the ag~egate levels of consumption for such products in the future. More 
recently Enabor (1971) examined the position on a national basis. Such estimates of 
future consumption provide a useful framework for examining resource allocation and research 
needs for the forestry sector in relation to the national economy. Supplemented by input 
and output data, these estimates form the main basis of outline projects but are insufficient 
for the detailed planning and analysis of a particular development proJect. 

From such data, the national or development planners should be able to indicate on a 
national or sectoral basis the extent and priority for forest development. This project 
generation and selection should form a preliminary process prior to detailed project 
planning. From a possible selection of outline projects or proposals the forest planners 
in turn will allocate priorities and select those which merit immediate planning in greater 
detail. Such projects should be technically feasible and commercially viable. This choice 
of outline projects represents selection and priority at the national level. 

THE DETAILED PROJ~T 

On the assumption that the national planners have agreed on the need for afforestation 
and have broadly outlined a savanna plantation project, the next task is to prepare the 
detailed project. An afforestation project may vary in size from the planting of a few 
hectares for shelter or soil protection, to a large-scale scheme extending over 10 to 30 
years and involving considerable investment. It is with this latter type of large-scale 
project that this paper is mainly concerned. It is obviously impossible to implement on 
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an ad hoc basis a large-scale planting programme involving complex establishment systems 
without plunging the enterprise into chaos. To make such an enterprise efficient requires 
planning, and the objects of planning are: 

1) to minimise costs in achieving specified ends; 

2) to ensure that aims are likely to be achieved in practice by anticipating 
constraints; 

3) to provide continuity; and 

4) to provide estimates of the resources needed and the time sequence in which 
they will be required. 

The detailed project is essent1ally a document setting out objectives, recording 
whatever data relevant to the project are available, considering alternat1ves and indicating 
what programme should be completed and when, and putting values on inputs, outputs and the 
project as a whole. At an early stage of development it is essentially a paper exercise 
based on the best available information, indicating the economics of the enterprise under 
specified assumptions and conditions. It provides the evidence which allows higher authority 
to decide whether and on what basis the project should be approved and financed. Once 
approved, it provides the basis for operational planning, budgeting and implementation. 
The more sound the planning the easier the subsequent implementation. Planning the detailed 
project falls into three main phases: 1) object1ves, constraints and criteria, 2) data 
collection and 3) appraisal and decision. 

Objectives, Constraints and Criteria 

The outline project may have broadly based and possibly mult1ple object1ves wh1ch 
require clarification in the detailed stage. Objectives have to be atta1nable, clearly 
defined, consistent and quantitative (FAD, 1973). The refinement of generally stated 
objectives for detailed planning purposes, can reveal limitat10ns in the original concept 
requiring adjustments. Again, having determined objectives, subsequent prelim1nary 
calculations may result in further changes of priority or mod1fication of aims. Fbr 
example, the project objectives may be: 

1 ) to produce x m3 per/annum of wood for local industry; 

2) to be labour intensive; and 

3) to earn y percen t on capital invested. 

Subsequent study might show that as supervision is limited, the required labour force 
cannot be employed and the rate of planting required to attain objective (1) cannot be 
achieved. Or it may prove impossible to earn the required rate of interest and be labour 
intensive simultaneously. Such conflicts would require a replanning of the objectives and 
consideration of the more efficient alternatives. 

Constraints are limitations imposed on the activities of a project and are generally 
inflexible, although in certain circumstances it is possible to remove or adjust a constraint 
when so doing materially improves the project. It is convenient to consider constraints 
in the following cateBPriesl 

1) Technical I These are constraints which impose restrictions on the methods used 
or products created - for example, the mosaic pattern of plantable land affecting 
layout or technique, or the unsuitability of certain eucalypts to sawing or 
preservation. 
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2) Financial I These m~ be represented by restrictions on the financial resources 
available, or obligations to meet rep~ent of interest and/or oapital, or 
erratic provision of funds. 

3) Social and Economio: These can be related to opportunity costs, in that the 
resources being used for the project are not available for use elsewhere. 

4) Institutional: These are limitations imposed by the organisational and managerial 
ability of the agency executing the project, by the legal framework and by the 
social patterns and attitudes of the local people. 

Criteria are used to ascertain the ability of a proJect to achieve its objectives. 
They also provide a measure against which alternative methods of achieving the objectives 
can be compared and evaluated. A good criterion is applicable to all alternatives and 
should be readily calculable to provide in a single figure, all the information needed for 
decision making. One of the better known economic criterion for measuring the profitability 
of a project is "net discounted revenue", or the "present worth" of the future benefits 
created net of the capital and operating costs. Other criteria which might be applied are 
measurements of employment created, rate of loan repayment or, on a technical base, the 
rate of tree growth and the area planted annually. Where expertise is limited and where 
the availability of management is restricted, it is advisable to limit as far as possible, 
the number and complexity of objectives and criteria. 

Collect1on of Data 

Much of the background data such as methods, costs and yields required for the 
formulation of a project have to or1ginate from established plantat10n research or 
development in the area. Information on demands, and value of produce requires a market 
study. Although it is necessary to have a reasonably clear 1dea of what the aims of a 
project are before collecting data, it may not be possible to specify attainable objectives 
until after certain data have" been gathered. 

Data are collected from best available sources to allow the construction of a 
realistic plan. Such data may indicate possible alternative courses of act10n which can 
be evaluated to facilitate decision making. Where data are lacking, it may be necessary to 
postpone planning and design systems to collect necessary figures. Any sectoral or outline 
planning which has occurred prior to defining proJects will contain some relevant data but 
often too generalised for detailed planning. Data for proJect planning, in addition to 
being detailed, tend to be of a more technical nature as they will serve to specify 
operations in practice. 

The data required for a plantation project may be classified into five categories: 
1) resource data, 2) operational data, 3) market and yield data, 4) socio-econom1c data 
and 5) institutional data. 

Resource data 

The main resources to be considered are land, planting stock materials and equipment, 
human and financial. The required information on each is availability, productivity and 
cost. 

Land resources: The first essential is sufficient plantable land to accommodate 
the project planting programmej indeed, excess land is required to allow for unforseen 
problems and possible future expansion. Where tribal or other legal rights affect the use 
or availability of land, such matters require clarification before further planning is 
undertaken. 
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In the early stages of development it is not possible to assign site quality classes 
to soil types, but a simple plantability classification can indicate the better areas for 
planting. The assessment of plantability requires a soil survey of the type outlined by 
Barrera (1969 and 1976) for Nigeria or Sanders (1967) for Zambia and the preparation of 
maps showing soil types, vegetation types and plantability. At the same time as the 
vegetation is reoorded the tree cover should be sampled for basal area to give a measure 
of tree density, a major factor in land clearing. 

EStablished growth trials of plantation species should indicate the productivity for 
the range of plantable sites. There is some merit in planning to plant the better sites 
whilst research and growth trials produce further data on secondary or marginal sites. If 
no growth data are available, a full project is premature and a·well planned pilot project 
is a reasonable alternative. Where forest reserve land is available there are no direct 
costs for the resources, but where land is acquired by purchase or compensation, such costs 
are reoorded and debited. The annual planting land requirements should be allocated using 
the plantable land map. 

Planting stock resources: The primary requirement is an adequate and sustained 
supply of seed of the selected species and provenances. Selection of species is a major 
subject but it is presumed that species and provenance trials have been extensively 
evaluated prior to the preparation of a large-scale project. Seed supplies often prove 
major bottlenecks to the proposed rate of development. Sources of supply and storage 
facilities should be thoroughly determined. If importation represents a risk then local 
seed production and methods of expediting this must be given priority. Availability of 
seed must necessarily have some influence on the planting rate of species preViously 
selected for silvicultural and utilisation reasons. Seed is readily raised to planting 
stock provided that the nurseries and expertise are available to produce Guff1c1ent 
quantity of adequate quality seedlings at the required time. When purchasing seed it is 
the cost per plantable seedling and not the cost per unit weight which is of consequence. 
The annual requirements of seed and seedlings and costs should be detailed. 

Material and equipment resources: These fall into three main categpries: those 
required for the administrative organisation, for operational activities or for 
maintenance and support. Administrative requirements include offices and buildings and 
minor items such as office equipment and stationery which are common to any enterprise. 
Operational materials and equipment are specific to plantation development and a general 
outline is listed in Appendix A. Maintenance and support items include workshop equipment, 
transport and spare parts. The critical factors with reference to stores, are firstly to 
select those items suited to the particular work and scale of the project and to ensure 
that such equipment or materials, together with spares, are available on site when required, 
which necessitates the provision of ample storage. 

Equipment offers a considerable range of options, and past experience shows that 
operational data and selection of methods are required before the field of choice can be 
narrowed. Land clearing, for example, if by hand requires extensive supplies of hand tools. 
If, however, for reasons of efficiency this operation is to be mechanised, then clearing 
should commence one year before planting, and the order for clearing equipment would 
require to be placed at least two years before planting. If only mechanised clearing 1S 
feasible and the scale of operation does not merit purchase of a chaining unit, then such 
alternatives as sharing this activity with another project or projects, employing a 
different mechanised teohnique, or hiring equipment need to be considered and evaluated. 

The productivity of equipment is critical to the eff1ciency of a project. Lvaluations 
of the output of equipment may be of little value unless allowance is made for variables 
and the basis of measurements is stated (Allan and Akwada, 1976). Good productivity 
requires as full an annual or seasonal utilisation of equipment as possible. Scale of 
operation and operational data are required before any stores or equipment requirements 
can be set out. When the types of equipment and materials have been finalised, an 
assessment of the total requirements by years should be drawn up for the full period. 
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The purchase or capital cost of all project materials and equipment is the true cost 
and is required for estimates, budgets and costing the total project requirementa. Fbr 
oomparative evaluations the planner requires the equipment hourly operating oost, which is 
largely a hypothetical calculation, and from which a unit productivity cost can be caloulated. 

Human resourcesl Man is the most important resouroe in the project, and due considera
tion of his abilities and reactions is required in deciding on possible courses of action. 
The possible aources of labour and staff require study, as they determine the need for 
additional investment in transport or housing. Employees benefit from a plantation project 
not only in cash wages but also from training, improved housing and security. Hastie and 
MacKenzie (1967) point out the benefits of employees living in mixed communities rather 
than exclusive project settlements or villages. A plantation project involves many skills 
and requires managers, supervisors, mechanics, machine operators, administrative and 
clerical staff, medical staff and both skilled and casual labour. In particular, if a 
project is to be selectively mechanised then the provision of a suitable infrastructure 
employing skilled mechanics and operators is mandatory; and where numbers are limited 
training will be necessary. 

The productivity of labour is variable and often reflects the quality of management 
and control. Work study, method study and training all contribute to labour efficiency. 
Initial hand weeding studies in Zambia (Allan and Ehdean, 1966) increased output by up to 
)00 percent, and planting studies in Nigeria showed increases of the order of 200 percent 
to 500 percent. In the early stages of a project there is scope for very large increases 
in productivity, but even at a later stage improved methods in Zambia (Allison, 1972) were 
giving )0 percent increases in output which is not insignificant. Productivity can also 
be improved by the payment of incentives. This is not always easy under government fiscal 
regulations, but where benefits are significant, sanction for such payments should be 
pursued. 

The cost of human resources is the sum of salary or wages, social and fringe benefits, 
leave and sick time. The manpower requirements of the project should be set out for staff 
by years, categories and responsibility and labour is similarly recorded, but operations 
replace responsibility. To calculate the annual labour force, a calendar of operations and 
labour inputs not only gives the necessary data but also allows fluctuations in requirements 
to be smoothed out to provide more regular employment. Information on the productivity 
and unit costs of labour may be extracted from operational data. 

Financial resouroes: Generally some indication of the finance available for the full 
project, or a development plan phase of the project, will have been given at the outline 
stage. The detailed project should be planned to fit this financial framework, but where 
finance proves to be a critical constraint, the case for an additional allocation should 
be made. The total costs of the other resources, plus contingency, represent the alloca
tion required, and these figures should be set out as annual requirements for the entire 
project period. 

It is important that the financial authority should understand that a plantation is 
a dynamic enterprise not readily accommodated in the fiscal year concept. Plantation 
operations such as land clearing, nursery and weeding are interrelated in time, in that 
this year's programme can affect both last year's and next year' 80. This means that delays 
in funding or erratio allocations will not only effect the,year ~f occurrence, b~t also 
past and future investments. Two possibilities of overcom1ng th1s problem are e1ther to 
have the financial authority consider the project as a capital investment until normality 
is achieved or to make funds available on a three or five yearly allocations. The ready 
availability of funds, however, does not preclude carefully planning their investment. 
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Operational data 

The data to be recorded in this section for all plantation operations are: 

1) unit of measurement - ha, lan or '000 plants; 

2) input - man-days, machine operating time, materials; 

3) output - units per hr, per day, etc. and 

4) cost - cost of each resource per unit 

These data allow a rea~ estimation of the productivity of men and machines and of the total 
requirements of such resources for particular project operations. Where management considers 
that two or more techniques offer a reasonable choice of operating method, data for each 
should be recorded to allow comparative eva1uat~on. The collection of operational data is 
critical and fundamental to the planning process. The information must be the best 
available. It may be extracted from costing records where available, but when lacking, 
sampling work outputs as recorded for Ferguson (1973) in Nigeria, provides indicatory 
data. Operational data provide a basis for appraisal, for estimating resource requirements, 
and budgeting; consequently it is vital that the source and reliability of all such data is 
recorded. A project or plan is only as realistic and workable as the data used in its 
design. 

Market and yield data 

The project planner requires information on markets, outputs and the value of 
different categories of plantation produce. Tb obtain market data in the probable project 
catchment area it is necessary to study: 

1) the current consumption of different wood categories; 

2) the current price level for the different categories; and 

3) population trends in this area. 

A survey to determine such data is more detailed and specific than a national wood 
consumption survey. A relevant example is the survey made by Grut (1972) of the market 
for firewood, poles and sawn wood in the major towna atld cit iea in the Nigerian savanna 
region. This survey covered eight cities and although sampling was from only 3.5 percent 
of the population in the area, this sector of the population represented the main cash 
market in the areas of most rapid economic development. 

In addition to recording costs, which may be applied to the different categories of 
produce, the market survey gives a measure of demand at a particular point in time which, 
with information on population trends, allows a forecast of demand to be made. Such a 
forecast identifies factors which may cause changes in demand, and allowing for these 
possibilities, predicts future demands over the project period. 

Data are also required on the estimated yield of different categories of produce 
from the selected species, noting a specific silviaultural system and rotation 
for each. The yields are estimated by category and year to the end of the project period. 
B.y applying the market survey prices to these yields, the yearly revenue accruing to the 
project is estimated. In the early stages of a project some of the growth and yield data 
~ be based on minimal evidence and where only young trial plots are available it may be 
necessary to extrapolate data from elsewhere on the assumption that later growth will be 
comparable. Where growth data is plentiful, a supply forecast can be made noting possible 
changes in method, which might alter yields, quantifying the effect of these changes and 
predicting potential supply under different specified conditions. 
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Tb oheok on the commeroial viability of the project the supply and demand forecasts 
should be reoonciled. If the balanoe suggests a shortfall, then either the project will 
have to be expanded or produoe will need to be imported or substituted. 

Sooio-eoonomic data 

Eatimated costs of resources and estimated project revenue give the financial 
oomposition of the project but do not fully account for the real cost and the real benefit 
to the community as a whole. Socio-economic factors attempt to assess these real costs 
and benefits, but they are difficult to quantify and economists are still developing 
improved teohniques to measure these factors. 

The project is essentially a joint production by the practising forest manager with 
his support services and the forest economist, and it is in determining and calculating 
socio-economic data that the latter comes into his own. The main socio-economic data 
required are: 

1) shadow costs of labour; 

2) opportunity costs of land; 

3) discount rate to be used; 

4) shadow price of produce; and 

5) value of non-marketable benefits. 

Fbr an indicative approach to deriving socio-economic data, refer to Ferguson (1973), who 
completed preliminary studies of the economics of selected savanna plantation enterprises 
in Nigeria. Socio-economic factors may often seem to be of little consequence to 
practising foresters, but when projects are in competition with others for limited capital, 
it is just such factors that can transform a marginal forestry project into a feasible and 
viable one. Spears (1967) stresses the importance of presenting forestry economic data in 
the best possible light. 

Institutional data 

Institutional factors to be noted are mainly of a political nature, but include the 
project legal framework and the commitment of the supervising agency in other fields, such 
as training, which might influence the acceptability of the project. Other factors on 
which information should be collected are the interrelationship of the local community and 
the project, facilities for multiple land use and information on plantation research in 
progress but insufficiently advanced for appraisal. 

Appraisal and Decision 

Having compiled all available information relevant to the project, the appraisal stage 
oonsists of the following steps: 

1) identifying different courses of action which will achieve the objectives and 
analysing these for inputs, outputs and costs; 

2) testing courses of action against identified constraints; 

3) comparing alternatives, using project criteria to determine the better 
ones; and 

4) making final projeot decisions. 
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With large quantities of reliable data, appraisal and analysis may be complex and 
possibly time consuming, although where efficient computing facilities are available the 
time required for analysis can be greatly reduced. The number of factors which can be 
varied in the execution of a project and the number of alternative courses of action are 
almost limitless. Project planners usually operate against target dates and time pressures 
which necessarily limit the number of alternatives that may be considered. The forest 
planner restricts the alternatives for analysis to those which are feasible and might g~ve 
some significant benefit when judged by the project criteria. More obvious areas where 
different courses of action might significantly affect project results are: 

1) planting rate and rotation; 

2) spacing and thinning; 

3) intensity of management; 

4) distance from markets or processing plant; 

5) degree of mechanisation; and 

6) insurance factors related to timeliness or us~ng a range of species to reduce 
disease hazard, or selecting species with alternative utilisation possibilities. 

At an early stage in the development of a plantation project, with the main criteria 
being the financial and social net present values per hectare, the following analytical 
processes, incorporating alternative data where necessary, should indicate firstly the 
better alternatives and secondly the feasibility of the project: 

(1) Financial analysis. Using the national development plan rate of interest, the 
project "net present worth" is calculated by deducting the discounted costs from 
the discounted revenues. Net present worth per hectare is der~ved by dividing 
by the number of hectares in the plantation area. Data for different courses 
of action may yield significant differences in this unit value. 

(2) Social analysis. This is similar to the financ~al analys~s but the input and 
output data are revalued to determine soc~al cost benefit. The process for 
social revaluation is best def~ned by the central government to ensure un~form~ty 
in project evaluation, but might include shadow rates for labour, the soc~al 
opportunity cost of net capital expenditure, fore~gn exchange factors and a 
social discount rate or social rate of time preference. 

The application of sensitivity testing to both types of analyses to gauge the effect 
of changes in such assumptions as cost and revenue, can provide useful information and 
indicators. When the net unit worths from financial and social analyses exceed those of 
a comparable best alternative use of the land, the project is indicated as being financially 
and socially beneficial. 

With the quantified results of analysis senior management should be able to decide 
whether the project will be undertaken and which specific course of action will be adopted. 
When the detailed project is approved the next stage is the planning and implementation 
of the initial phase which is mainly concerned with plantation establishment. 

THE PLANTING PLAN 

On the assumption that the detailed project is approved and the necessary finance 
authorised, the next stage is planning initial implementation by preparing a planting plan. 
The planting plan can be considered the operational planning section of the detailed project. 
It reoords for the plantation manager what is to be done over a period. Assuming a 30 year 
projeot, the initial planting plan should cover five years, although circumstances may 
vary this period. The remainder of the project time will be implemented by similar periodic 
plans. At this stage in development the object should be to allow some flexibility and to 
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keep the plan as simple as possible. For complex projeots or problem areas, network 
analysis is a useful teohnique that m~ be used by management. 

The 5 year planting plan forecasts all of the project requirements annually over the 
period. This annual data may be extracted and set out as the annual programme of work for 
all projeot aotivities and represents an instruotional plan for assistant managers and 
supervisors. If annual financial allocations oannot be avoided, the budget section ~ 
submit annual estimates of funds required. The main sections of the plan are the detailed 
prescription of activities, marshalling of resources, the budget and records and control. 

Detailed Prescription of Activities 

Detailed prescriptions of work set out the method, quantity, estimated inputs and 
outputs for the following main operations: 

Plantation operations 

a 
b 
c 
d 
e 
f 
g 
h 

~l 
Other works 

~l 

Allocation of land and surveys 
Establishment of nurseries and raising planting stock 
Land clearing and preparation 
Laying out and construction of access 
Planting 
Beating up 
Fertilising 
Weeding 
Brashing/pruning 
Thinning 
Fire protection 
Road maintenance 

Allocation of staff and definition of responsibilities 
Training of staff and operators 
Maintenance of transport and equipment 
Maintenance of building and general servioes. 

If management has a handbook of plantation techniques as in Zambia (Allan and Ehdean, 
1966), reference to this may reduce the length of the prescriptions and the plan. Laying 
out,item d), which includes the design and delineation of compartments, blocks, roads, 
rides and fire traces, constitutes an important management decision, and other than topo
graphy and national features, two of the main considerations influencing design are fire 
protection and probable logging methods. Thinning,item j), which will undoubtedly occur in 
the next project period, is included in the initial planting plan for contingency reasons. 

Marshalling Resources 

The general resource requirements for the period are in the detailed project and 
these should be up-dated and adjusted as necessar¥ to the plant~ng plan. The prescription 
in this section will require the manager to requisition where ~ecessary and acquire by 
given dates: 

funds, 
staff and labour, 
machinery, trans port and equipment, 
build1ng materials or buildings, 
project materials and seed, and 
essential spares. 
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The detailed requirements will include timely ordering of specified resources for the start 
of the next project period. It is advisable to seek specialist advice in ordering certain 
of these resources. 

The Budget 

The budget is the estimated costs of all the resources to be used in achieving the 
detailed prescriptions, and is usually set out for the plan period by years and main 
operations. Much of the information for the budget may be extracted from the project 
financial resources data section. For convenience the budget may be set out lmder functional 
heads, such as: 

Land preparation 
Nurseries 
Plantation operations 
Protection 

Road construction 
Maintenance 
Administration 
Services 

The approved budget is the authority for the allocation of funds for the enterprlse and 
when subsequently oompared with actual expenditure for the same period, lS a measure of 
planning and management efficiency. When release of funds is requested allowance must be 
made for inflation, changes in methods and increased efficiency in plantation operations. 

Records and Control 

Complex recording methods will inevitably cause problems and fall, so it is essential 
to keep systems simple whilst recording only essential data. Compartment, or block records 
if areas are uniform, will provide basic information on the area and note what treatments 
are applied and when. A simple type of report may be in map form showing the area treated 
by shading and with operational data recorded on the back. 

Control of a project concerns keeping the work completed and the expendlture wlthin 
the limits set by the programme of work and budget for the year. Periodic progress 
reports give simultaneous information on work completed and expenditure. It is necessary 
to train supervisory staff in completing these reports and to advise on the reasons for 
submitting such data. Equally it devolves on management to check such reports and to 
inquire into the reasons, firstly for major deviations from budget estimates and secondly, 
for widely variable outputs from different supervisors for the sarne operation. 

CONCLUSION 

This paper attempts to encompass a very wide subject in a very short presentation 
which follows the outline of the FAO Manual on the Planning of Man Made Forests (FAO, 
1973). Brevity has undoubtedly introduced some imprecisions and omissions. The outline 
covers planning from project initiation to point of implementation, and although this 
terminates the defined discussion it does not end the planning process. As has already 
been pointed out, the project is a dynamic conception. Experience gained, problems solved, 
changes in the economic climate, and data gathered when implementing the planting plan will 
initiate changes and modifications in subsequent plans and plan periods. 
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APPENDIX A 

EQUIPMENT 

survey equipment 
tractors, crawler 
anchor chains 
tree dozer blade 
stinger 
front end rake 
root plow 

tractors, 50-100 HP 
ploughs, dis c 
angle dozer blade 

wheel tractor 
trailer 
loader attachment 
sprinkler equipment 
soil mixer 
hand tools, spades, 

forks, hoes 
sprayer 

tractor, 50-100 HP 
trailer 

tractor, 50-100 HP 
soil cultivators 
pruning saws 
f':tre towers 
:fire engines 
water pump!'? and hoses 

bulldozers 
tipping trucks 
graders 
excavators 
rollers, rubber tyred 

MATERIAL 

arboricides 
fuel and oil 
hand tools 
aerial photographs 

weedicides 
fuel and Qil 
hand tools 

fertilisers 
pots 
insecticides 
fungicides 
weedicides 
fuel and oil 
hand tools 

fertilisers 
fencing stakes 
fencing wire 
hand tools, spades, 

mattocks 
fuel and oil 
tree carrying 

containers 

fertilisers 
weedicides 
fuel and oil 
insecticides 
hand tools 

culverts 
fuel and oil 
road ballast and 

gravel 
bridge materials 
cement gelignite 
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OBJl!CTIVES OF COM ACCOUNTING 

The objeotive. of oo.t acoounting are: 

1. Budgetary oontrol, 
2. E.timate., 
3. Labour oontrol, 
4. Calculation of finanoial returns and 
5. Identifioation of those oomponents that lIIIOuld show the greatest return 

from improved methods. 

The.e objeotives are applicable at all levels of responsibility. 

GENERAL PRINCIPLES 

Six general principles are involved in cost acoounting: 

1. All e%penditure must be included; 
2. Expenditure must be allooated to an operation, either directly (e.g., labour wage.) 

or proportionately (e.g., overheads); 
3. The oosts mu.t be oapable of being reconciled with the total expenditure to oheok 

that all expenditure has been included; 
4. The components of the unit cost are added at different levels of responSibility, 

and the system must be capable of extracting the components (see diagram in 
Appendix 1); 

5. It must also be possible to extract information for other purposes from the costing 
system (e.g., for compartment histories) and 

6. The soheme must be simple to allow its use at the lowest levels of responsibility 
and to ensure that the cost figures are speedi ly produoed. 

OPERATIONS 

Operations must be rigidly defined to enable comparisons to be made between years and 
between plantations. 

A code number should be given to each operation to enable easy identification and for 
oomputer prooessing. 

Operations oan be grouped together under ooatings heads. For example, in the nursery 
the operation. of sowing, making transplant beds, transplanting, weeding, watering, etc., 
oould all be added together under the nursery head to give a nursery unit oost per planted 
heotare. 

All jobs should be definable as operations; there should be no "miscellaneous" costings 
head. But one of the heads ahould cover general management costs, such as inventory, publicity 
re.earch, training, eto., and these oosts ma.Y be apportioned to quantifiable operations in 
the •• e wa.Y as overheads. 

ESl'IMATION OF QUANTITIES 

In order to obtain the unit oost of an operation, the total quantity of work done in 
a partioular place lIIUst be mOM1. Area is the quantity in which most costs are expressed. 
Aocurate map. to show net afforested areas are therefore essential. Areas should not be 
estimated by eye t exoept for 1 ha or les8, nor should they be estimated from the number of 
blockB oleared, or tree. planted. 

The definition of eaab operation should also oontain an explanation of the relevant 
quantity. Por ex_pIe, if a weeding is neoes.ary only in a small part of a compartment, 
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should it be costed to the actual area weeded or should it be costed to the total area of 
plllDtation of that age? The latter is usually the course adopted, as it is with fire 
protection, in.ect control, etc. 

The place that lID operation is carried out should al.o be indicated with the quantity, 
both to explain 1ID0malie. and for extraction for compartment and other reoorda. 

LAllOUR COMPONl!NT 

Allooation of Labour Time to Operation. 

This i. clone by the man reaponsible for direoting the work.in the field. At the end 
of each ~ he note. the number of men working on each operation in a labour abstract or di_ 
tribution book. The mIlD da,ys for each operation are totalled at the end of each month. 

Where a man workB on two or more operations, his time is usually oharged to the 
operation on whioh he worked longest. 

Calculation of Labour Cost per Man-Da,y 

The detail. of the wages of the labour are generally maintained on a pay sheet or muster 
roll, separate from the record of the allocation to operations. 

Although labourers are paid at different rates depending on experience and responsibility, 
it is .implest to add all of the wage. together and calculate an average oost per man-day. 
The alternative i. to combine the pa,y sheet and the reoord of the allooation of labour to 
get a "true" oost, but this is time oonsuming and liable to error. 

Labour overheads should also be included in the calculation. These are mainly the wages 
of staff who are also paid on the pay sheet with the labour, but who are responsible for 
supervision or administration, such as headmen, storekeepers, etc. Their pay is added to 
that of the labourers, along with other overheads such as paid holidays, paid sick leave, 
allowanoe. and the coat of food where it is included as part of the wages. The cost per 
man-da;y is then calculated in the following way: 

A. Total man-days worked (from the reoord of the allooation of labour to operations); 
B. Man-da;ya paid, but not product i ve (labour overheads); 
C. Total man-da,y. paid (A + B); 
D. Gro •• wage. paid, plus allowanoes, to the men represented at C; 
E. Coat per man-da,y - D/A. 

Calculation of the Labour C08t of Operations 

The man-da,ys per month worked on each operation are multiplied by the oost per man-day 
to get the labour oost of the operation, and divided by the quantity to get the unit oost. 

The calculation 01lD be simply checked by adding together all of the costa of operations, 
which should agree with the amount paid. 

Worked examples of the oalculations for determining the labour component are in Appendix 2 

MATERIALS COMPONDIT 

Fbr mo.t foreBtry operations, exoept building, the expenditure on materials is a fairly 
II1II&11 proportion of the total cost. Approximation. oan therefore be made in the allooation 
to operation. without great 10 .. of accuracy. 

Ideally, all materials iBsued from the Btore should be charged to an operation. At 
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the end of the ..,nth, copiee of the 18lNe vouchers are used to allooate gpenditure to oper~ 
tions. This require. well-trained storekeeper. with a knowle. of the cost code and of the 
value of the materiale that they are handling, and in the initial stagee of projecte they 
mlliY lack the experienoe to do thie. 

If the .torekeepers are inexperienoed, then the offioer in charge of the accounts must 
allooate the expenditure to operations, and without a knowledge of the da.v to d.aiY running of 
the project he ClIDIlot do thie entirely accurately. He will also tend to allocate the 1oIbole 
expenditure, when in fact only part ot the materials ma,y have been used. He must therefore 
have some means of finding out unused balanoes. 

In either oase, approximations will have to be made in the oase of 8IIIall hand tools 
which ~ be used for several jobs. The allocation of the expenditure to operations should 
then be done in proportion to the labour expenditure on them. 

Althoueh the expenditure on materials used for the operation of plant and vehioles is 
alao usually charged to the same account, it should be kept separate for the easier oalcultr 
tion of plant operating costs. 

PLANT AND VEHICLE COMPONENT 

Log Book 

Close oontrol of plant and vehicles is essential, both for the allooation of expenditure 
to operations and to prevent abuse, particularly of vehioles. Every item of plant and every 
vehicle must have a log book which must be maintained to show the reason for its use for 
allocation to operations, which are then 8UIIIIIarised in terms of hours or kilometres run at 
the end of each month. 

Calculation of Unit Cost 

Expenditure on operating plant and vehioles m8\Y be incurred under the follOwing, which 
should be totalled separately for subsequent analysis: 

(a) 

(d) 

Wages and allowanoes of the driver or operator. These must be kept eeparate 
from labour wages and not included as a labour overhead. 
Fuel and lubricants. The expenditure can be obtained from a materials sub-account. 
Spare parts, repairs. The expenditure can be obtained from another materials 
su b-acooun t • 
Depreciation or I!IIIIOrt isat ion , insuranoe, etc. A record of the cost of each item 
of plant or of each vehicle and the date of purchase should be kept at a senior 
level, and the annual depreciation oalculated. This is most easily done in equal 
annual amounts. 

Calculation of Plant or Vehiole Component 

The simplest wa,y to calculate the plant or vehicle component of operations oosts is to 
do it amually, but if the oostin6's are done on a oomputer, it ma,y be done monthly. Unit 
coete are obtained by adding together expenditure on the items above and dividing by the total 
houre or kilometres run. Unit costs should be aggregated for veb.icle types, rather than 
being assigned to individual vehioles. This evens out variations due to age. 

Another wa,y of oalculating the plant and vehiole component is to use a figure based 
on theoretical oalculations or on the previous year's running. This makes the reconoiliation 
of costs wi th expenditure lese eallY, and due to rapidly increasing pricee reciuces the usetul
nees ot the figuree for estimates purpoees. 

Provieion must be made in the BYstern tor charging the oost of a vehicle wrking in 
another project, or hired from a central pool. Generally, the details are extracted from 
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the log book and not ified to the 0 fficer to be charged, with the cost, at the end of the year. 
The ottioer Mba u.ed the veniole then allocates this coat to an operation. 

The unit cost of towed equipment must also be oalculated, and its use identified on 
the log sheet for inclusion in the cost of the operation. 

It is possible to add even more information to the log sheet, for the identification 
ot "lost time". This might include travelling to the job, minor or major repairs, time 
lost due to bad weather, lack of a driver, or the vehicle having no job to do. As projects 
become more sophisticated, this information is very useful for the control of vehicles. 

Quite often the time cannot be allocated to an operation - for example, taking a 
worker to hospital, or a senior officer's insp'!!lction. Then the 'cost is charged to a manage
ment cost head. 

OVERHEADS 

Items Included as Overheads 

Overheads include the following: 

1. Statf salaries and allowances; 
2. Office rents, water and electricity charges; 
3. Transport 0 f senior offioers with pro ject-wide responsi bili ties and 
4. Management coats. 

The oalculation of overheads charges is done at the highest level and should include 
all expenditure not previously aocounted for. 

Allooation of Overheads to Operations and Costings Heads 

Overheads should be divided between costings heads in proportion to the labour compo
nent. The reaaon for this is that most of the overheads are due to the supervision and 
administration of labour. Generally, it is of no interest to allocate overheads to oper/r 
tions, and the only purpose of adding in overheads anyw~ is for the caloulation of the 
rate of return per hectare. 

When, however, plantation projects reach the exploitation stage, it m~ not be correct 
that most of the overheads will be due to supervision and administration of labour. If 
exploitation is being done by contractors, then much of the time of s_ior .taff 
ie spent on planning, the control of harveating and the collection of revenue. Allooation 
of their salaries m8\Y then be done in proportion to the time they spend on these jobs, which 
ma,y be determined by means of diaries or by a system of sampling. 

REI:ONClLIATION OF EXPENDITURE AND COSl'INGS 

The total expenditure should be checked 8€ainst the total costs in order to ensure 
that all items of expenditure have been included. This is generally done at the end of the 
year, but a rwuling check on sub-totals m~ be done each month. 

The equation for the annual reconciliation is: 

Total Expenditure _ + Total Cost of Labour) 
+ Total Cost of Materials Used) 
+ Total Coat of Plant Operation on the Project) 
- Total 'Depreciation ot Plant) 
+ TotalEEpenditure on Unused 'Materials) 
+ Total ,Coat ot Vehioles, eto., Hired to other Chargee) 
- Total (Co8't ot Vehicles, eto., Hired t'rom other Charges) 
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This equation omits depreoiation, staff aalarie., eto., but inoludea management coata. 

OTHER RmORDS 

The practioe of soientifio forestry dependa upon the colleotion of accurate figures and 
the maintenanoe of aooessible records. 

compartment Histo~ 

The details of lIOrk done in a oompartment, with date and area covered, oan be extracted 
from the coatings Bystem. Likewise the outtum recorda show the amount of each type of forest 
produoe and the date that it was removed. It is usually not neoessary to keep records of 
coats or revenue on a compartment basis, but they should be kept on BOme sub-division of the 
whole projeot such as a forest or plantation. 

The compartments abould also be desoribed, and such information as seed souroes, 
inventory results, etc., recorded. A map must be included. Descriptions should be 
standardized to permit comparisons of outtum, etc., between compartments. An excellent 
aeries of forms suitable for compartment descriptions are given in Anon.(1974). 

Other Works 

Descriptions and detai Is of other works suoh as buildings, roads, etc., with date of 
completion and a record of maintenance should also be kept. 

Distinction between Records and Correspondence 

It is mon important to distinguish between records, which are permanent, and correspon
denoe, which is generally ephemeral. Where correspondence contains information that should 
be retained, it must be extracted and put in the records - an annual review of the correspon
denoe files is a useful wa,y of doing this. Likewise, correspondenoe must not be allowed to 
olog the records and prevent speedy acoess. 

SAMPLING MEII'HODS OF Oll'l'AINING com' FIGURES 

The system of cost accounting that has been described in this paper is the ideal, 
but until it haa been in operation for at least a year, there will be no reliable figures 
for unit costs. In the meantime, data m&.)' be required for estimates or project evaluation. 
In thiB oase, the cost of operations m&.)' be determined by sampling to estimate output per 
man-d&.)' or per machine-hour. The application of cost sampling in Nigerian savanna planta
tions ia well desoribed in Ferguson (1972). 

The sampling ia carried out by one or more small teams who observe an operation over 
the whole 4a.Y. They mark on the ground the point at which work starts in the morning, and 
note the number of men employed. At the end of the ~, the output (generally area) is 
measured. For machines, the type of machine (including attachments), the work done, and 
the time taken are noted. Under Nigerian conditions, it was found that for a standard 
error of 2r:1/o to 30%, it was neoessary to observe an operation fcJr a minimum of four da.Ys, 
and ten da,ya were preferable. The operations observed should be those carried out on a 
rauonably large soale, Sa.Y more than ten ha. 

The times per unit for each operation are then multiplied by the cost per man-da.Y or 
per maohine-hour to get the unit cost of the operation. The coat per man-da.Y is estimated 
froID the a.e itema of expenditure that are desoribed on page 236, and for machine costs 
the a.a u are desoribed on page 237. If materials form a significant proportion of the 
coat of an operat ion, then expenditure on them must be en imated too. 
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A. sampling system 18 useful for produoing cost figures quiokly, but it oannot act in 
the same monitoring role sa the cost accounting soheme. There is no oheck on inefficiency or 
diBhonesty, one haa to acoept a fairly large standard error, and there are diffioul ties in 
the oaloulation of labour overheads. A sampling system ma,y therefore preoede a cost 
acoounting soheme, but it should not be an alternative. 

GLOSSARY OF TERMS 

The expenditure attributable to an operation. 

Components of Cost: The items of expenditure that make up the total cost - labour, materials, 
plant/vehioles, and overheads. 

Unit coat: 

E&>endi ture: 

Operation: 

The total cost of an operation divided by the total number of units 
completed. 

The money paid out on wages, materials, etc., from the aocounts (or Vote 
Book) • 

A. forestry job or prooess that is definable and distinct from other jobs. 
The smallest sub-division of the costing code. 
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Daily 

Labour Labour Pay Plant/vehicle Log Expenditure on Expenditure on 

Arstr~ Sheet (Operator/driver) 
Plant {vehicle Materiale 

F.A. (P.A. ) (A.C.F.) (Storekeeper) 

lonthlv· ,--
-- + --- - -- .- I--- -- ._- - I--- -- - -- ---_. --

Calculation of Labour Cost 
per Man-Da.v 

(F. S. Summary BOd Contract Pa.yments 
I.r Ir Allocation to and Allocation to 

Operations Operations 
Calculation of Labour Cost Summary and Allocation (F. S.) (A.C.F.) 

of Operat ion to Operations 
(F. S.) (F.S.) 

Ir 

Sunaary of su.ary of 
Summary of Labour Costs Mate,rial Costs Contract P~ .. t. 

(A.C.F.) 
A.C.F.) (A.C.P.) 

-- -- I--- -- -- -- ~~ --- t- -- -- -- -- - f-- --
Annually 

Depreclahon on 
~ 

Calculation of Plant/vehicle 
Plant/vehicles Unit Cost 

(P.M.) (A.C.F.) 
1 

.~ , , 
Su.aary of Staff Management Costs Consolidation into Operation Coapariment History 

slllariee. etc. (A.C.F.) - Costs and Other Records 
(P.M , (A.C.F.) (A.C.P.) 

+ 
, -~ 

Consolidation into Operation Costs F.A. - Forest Assistant (FOrest Ranger~ p .. F.S. Forest Superintendent (Forester , 
overhe~ Exp1lditure Including Overheads -

P.M. (p .M.) A.C.F. - Assistant Conservator of Fbrest • 
P.M. - Pro ,ect Man er * ag 

~ 'i'echnical 'Training *Graduates 

(u..,~ed flu Grut, 1975) 
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Centre I IPBRU CHARGE. __ IIIIPLi or LIIDUI otftjC'f 

SHAGAIIU PULP'!OOD PLAlITATIOllS Month FEBRUARY Year .12.Z.L 

Oper&.tion Code 1 2 ~ • 5 6 ~ 8 9 10 11 1 13 1~ 1~ 16 1/ 18 19 20 ?1 22 23 24 25 2E 27 28 2S ~ 31 To-
tal 

S S S S S S S S 
BrushiJlg 1121 - -123 20 20 Ia> ~9 - - 36 ~9 39 38 37 - - 10 10 5 - - - - - - - - - 336 

'elling 1131 - - - - - "- - - - 4 It It It It - - It It - - - - - - - - - - 28 

Pe.ckinlt 1141 - 7 ~ --.8. ....a --.8. ' 8 88 8 8 8 ~ 1& 16 ~ -.1f] - 9 14 5 - 1- 193 - - - - -
Burning 11\2 - - - - - - - - - - - - - - - - - 18 23 34 34 - - 34 }It 34 30 '}o 271 

Poisonin 1152 - - 1 1 1 1 1 - - 1 1 1 1 1 - - 1 1 1 1 1 - - 1 1 1 1 i 1 20 
felling 
('I'a .... ....". , 1212 - - 4 ,. It It 4 - - - - - - - - - - - 4 4 - - - - - - - - 28 

.~J:i~- 1213 - - 2 2 2 2 2 - - 2 2 2 2 2 - - 2 2 2 2 2 - - 2 2 2 2 2 40 

fire patro 1522 5 5 5 5 5 5 5 5 5 5 ~ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 40 
Road maint 

...16.23.. - - 8 18 19 1~ - - - - - - - -'5-&111. - - - - - - - - - - - - - - 73 
COIJpo ur.d 

...l.2ZZ1 - - - - - - - - - - - - 1 - - - - - - - - - 1 - - 2 - 4 ""In -
"<It-packing 1111 - - - - - - - - - - - - - - - - - - - - - - - 5 5 5 10 9 34 

Ie-burning 1172 - - - - - - - - - - - - - - - - - - - - - - - - - 5 7 7 19 

'lotal 5 5 8) 58 59 58 59 5 5 56 59 59 58 ~ 5 5 58 58 56 ~ 52 5 5 57 57 57 57 54 1186 



Cen tre I lPERU ~URSEP.Y Month February Ycar~ 

SHJ.GfJItI PULPWOOD PLANT,'. 'l'!O~S. 

o.olIrati:ln· "ode 1 2 3 4 ~ 6 7 8 ~ 10 11 12 B 14 15 16 17 18 19 20 21 22 23 24 2<; 26 127 28 .2<) I~ I ~1 Total 

S S S S S S 5 5 

See(i Fr'~p. 1322 6 - - - - - - - - - - - - - - - - - - - 6 - • Sr'.ing U23 1 1 1 - - - 1 1 - - - - - - - - - - - - 5 

Pill J'Ots 1342 5 5 6 6 2 2 2 3 3 - - - - - - - - - - - }At 
.. 
Trf'SPlant 1351 3 4 4 4 3 - 3 3 3 - - - - - - 2 2 1 32 . beeSe) - -- - i- --
TransJ:lant 

1352 - - - 2 5 6 6 6 6 7 7 4 3 - - - - - - - 52 (pots) 
-

B.u beds 1353 - 4 4 - - - - - - - 4 - - - - - - - - - 12 ---- -- - -,-
a ... pots 1354 - - - - - - - - - - 2 2 - - - 2 2 2 1- - 10 

Ife,.!d Trani 
plant bad! 1362 3 4 3 2 4 2 3 - - 4 1 - - - - - - - - - 26 

"~iterin!'" 1371 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 56 - hand) 

Insect 
1391 - 1 1 1 - - - - - - 1 - - 4 control - - - - - - -. 

lIeed J:ots 1363 - - - - - - 3 2 2 2 3 1 - - - - - - - - - 13 

'~eed pa tbli 1364 - - - 3 3 3 - 2 2 2 1 - - - - - - - - - 16 

'1'otal 2 2 120 a>1 a: 19 19 2 2 18 19 19 19 19 2 2 19 8 5 2 2 2 2 6 6 6 2 2 266 
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APPlBDIX 20 JOB COS!'IWGS fIIEm' (1) 

WORJCED UAMPLE OF CALCULATION OF COS!' PER MAN-DAY 

Centre: Sbagamu Pulpwood Plantations 

A 'l'otal Man-Da;ys Worked. 
(from Labour Abstract) 

B Man-Da;ys Paid but not Productive. 
(from P a.v Sheet) 

C Total Man-Da;ys Paid (Total A + Total B) 

Field 
Nursery 
Total A 

Public Holida;y8 
Siok 
Leave 
Non-working 
Headman 
Storekeeper 
Total B 

(This must agree with the man-da.YB paid on the Pa.Y sheet) 

D Gros. Wage. Paid (from Pa.Y sheet) 
Labour Allowanoe.: Bioycle allowanoe. 

E Cost per Man-D..v (Total D/Total A) 

Total D 

Month: February, 1975 

1186 
266 

1452 

63 

20 
20 

103 

3445 
20 

3465 
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APPllNDI X 2d JOB COS!'INGS 3tEEl' (2) 

WORKED EXAMPLE OF CALCULATION OF LAllOUR COS!' OF OPERATION 

Centre: Sbyamu PulpllOod Plantationa Month: February, 1915 

Coat per Man-D~ (from Job Coating Sheet 1) ~ per man-d~. 

Code Unit Quantity Man Coat M. D~a/ Remarks 
Days Unit 

1121 Ha 18 336 79tr 18.61 
1131 Ha 9 28 67 3;11 
1141 Ha 11 193 461 17·55 
1142 Ha 60 211 648 4·52 
1151 Ha 150 20 48 0.13 
1111 Ha 5 34 81 6.80 
1112 Ha 5 19 45 3.80 
1212 Ha 54 28 61 0.52 
1213 Farmer 163 40 96 0.25 
1322 Kg 3 6 14 2.00 
1323 Kg 10 5 12 0.50 
1342 Pot 20400 34 81 1.61 p. thousand 
1351 Seedling 32000 32 76 1.00 If 

1352 " 46800 52 124 1.11 If 

1353 " 9600 12 29 1.25 " 
1354 " 1000 10 24 1.43 It 

1362 Bed 26 26 62 1.00 
1363 Pot 19500 13 31 0.67 p. thousand 
1364 Path 80 16 38 0.20 
1311 Bed 20 56 134 2.80 
1391 Plants 5000 4 10 0.80 p. thousand 
1522 Ha 650 140 335 0.22 
1623 KIn 5.6 13 174 13.04 

11221 - Station 4 10 

1452 3465 

..... 
.s::: 

~ ~ 
II ..-I 
I) H :. 
~ S I) 

s:l 
e I) 

0 <H~ 
< 'd 

I) ..... 

.s::: ~ "' ..... 
~ ~~~ .~ 

:. J.o E-- ., 
~ III 

'd 21 m II . ..w , r:: 0 ., 0 
.s::: \l'\O 
t.) ,*~A 



Month 

January 

February 

March 

Quarterly 
SUmmary 
by 
Centre 
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APPlIHDIX 2. JOB COSl'mOS SlID!' (3) 

WOBlCED EXAMPLE OF WMMARY OF L1B)UR COSl' OF OPERATION 

Projeot: Lekk1 Lagoon Pu1pllOod Schem. 

Operation: Bruming 

Unit: Heotare 

Centre Quantity 

Sbagamu 89 
o gun 76 
Ij.bu-ode 161 

326 

C. Epe 150 

Shagamu 18 
o gun 98 
1 j ebu-o de 125 
Epe 27 

268 

o gun 26 
Ijebu-ode 5 

31 

Sbagamu 107 
o gun 200 
Ijebu-ode 291 
Epe 27 

625 

C _ Contract 

Cod.: 1121 

Year: ~ 

Man-
Da,y8 

1869 
1350 
3207 

6426 

-
336 

1793 
2800 
543 

5472 

553 
117 

670 

2205 
3696 
6124 

543 
12568 

Coat 
11 

4504-
3105 
7569 

15178 

5000 

798 
4160 
6720 
1281 

12959 

1311 
283 

1594 

5302 
8576 

14572 
1281 

28731 

M.-Da,ya/ 
Ha 

21.0 
17.8 
19.9 

19.7 

-
18.7 
18.3 
22.4 
20.1 

20.4 

21.3 
23.4 

21.6 

20.6 
18.5 
21.0 
20.1 

20.1 

JI/Ha 

50.6 
40.9 
47.0 

46.6 

33.3 

44.3 
42.5 
53.8 
47.4 

48.4 

50.4 
56.6 

51.4 

49.6 
42.9 
50.1 
47.4 

47.6 
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3JMMARIES OF SPl!CIAL CASE ffi'UDIES 

EsrULIli!MBNT Tl!CHNIQUES FOR PINES 

G.O.A. Ojo 
Forestry Research Institute of Nigeria 

Ibadan, Nigeria 

ANNEX 1 

The aims of establishment teohniques for fl:!:!2 caribaea and t:. oocarpa are to establish 
the seedlinge &II quiokly as posBible and to provide optimal growing conditions. ExiBting 
vegetation is olear-felled, stumped and burnt and the site is meohanioally cultivated. 
Planting is done during the rainy season, beginning when the soil iB wet to about 15 0lIl, 

employing seedlings 20-30 om high raised in polythene pots. The spacing used depends largely 
on the method of management adopted, with 2.8 x 2.8 m being usual where mechanioal cultivation 
in tt«l direotions is foreseen, and 1.8 x 1.8 m where manual weeding is contemplated. Weeding 
is neoessary about three times a year (four the first year) during the rainy season for three 
to four years. Hand weeding is practised around individual trees, followed by mechanioal 
cultivation between the rows. On ferruginous tropical soils 11 g of phosphate fertilizer is 
applied around each tree about four weeks after planting and follOwing manual weeding. Clean 
weeding is al80 an effeotive fire prevention tool, but fire tracing around plantations, fire 
patrols and braahing to a height of four to five feet at age four are aleo employed. 

EARLY GROWTH PATTERNS OF PINES IN THE NIGERIAN SAVANNA 

D .E. Iyamabo 
Agricultural Research Counoil, Moor Plantation 

I badan, Nigeria 

M.A. Ogigirigi 
Shelterbelt Research Station 

Kano, Nigeria 

Thia paper diacu .... the results of height and girth growth studies of young Pinus 
caribaea and t:. oooarpa in relation to environmental oonditions in northern Nigeria:-
Sucoes.ive meaaurements at three and four years of age showed that both species exhibited 
continuous height growth and apical buds active all year round, but the rate of apical growth 
and the rate and quality of foliage production were le •• in the dry season than during the 
wet se&80n. Dry se&llOn needles of the.e speoies are generallY,smaller, shorter, thinner and 
greatly deformed &II a rellUlt of having to foroe their wa,y through the dried needle sheath. 

Girth growth 18 lowest during the dry season, but shows a gradual inorease from Ma,y to 
June and is hi8heat during the June to September wet season. The increase from Ma,y to June 
ma,y be due to hydration of .tem tissue and bark, cambial activity or both. 

Some of the pine species inoluded in elimination trials ahowed negative results. 
Following aix IIIOnths in the nursery at Zaria, P. IIIOntezum&e did not grow at all in plantations. 
Al., at Zaria, P. miohoacana grew normally for nearly two years and then went into a prolonged 
period ot do1"lll.noy, end at Afaka and Miango t:. pseudo strobus grew very irresularly prodUCing 
long terminal and lateral Moots that had no n .. dles. 
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NUTRITION OF PINES (Pinus caribae. IIDd P. oocma) 

O. ICadeba 
Savanna Pbrestry Re.earch St.tion 

Samaru, Zaria, Nigeria 

Nutritional studies on Pinus .pecies being tried in the afforestation programme of the 
Nigerilll1 .avanna is a recent development. So far, attention has been focussed primarily on 
the three major nutrients N, P, and K. Work to date has .hown that the establishment phase 
of pines in the field lIOuld be difficult and growth rate un.atisfactory if phosphate fertilizer 
is not used. Effects of nitrogen fertilizers varied depending on type of material used. 
Urea vas found to be injurious to pine. with or without supplementary phosphate application. 
Po.itive response to nitrochalk and ammonium sulphate could be obtained only when phosphate 
waa siJIIUltaneously applied. In no case was there any favourable response to K fertilizer. 

EFFl!X:'l'S OF PINE PLANTATIONS ON IDILS 

O. Kadeba 
Savanna Fbrestry Research Station 

Samaru, Zaria, Nigeria 

B.S.K. Onweluzo 
Savanna Fbrestry Research Station 

Samaru, Zaria, Nigeria 

Analy.es of soils under plots of ~ caribaea, ~ oocarpa and savanna woodland 
.now some chlll1ges in the 80il chemical properties. Acidity is intensified with increasing 
BBtI of the pines. The data provide evidence of an initial reduction in organic matter content 
of the mineral 8Oil. However, with increasing plantation age and canopy closure, there is a 
gradual build-up of organic matter in the top so il. A similar trend is demonstrated by 
exchlll1geable K. Values of 14.70, 5.44 and 6.00 tonnes/ha are estimated as oven dry weight of 
accumulated and un-decomposed litter under (i) l5-year Pinus carib .. a (11) 7-year Pinus caribaea 
III1d (iii) 7-year ~ oocarpa plots respectively. --- -

THE GROWTH AND TIELD OF PINUS SPl!X:IES IN THE 
SAVANNA ZONES OF NIGERIA 

J .0. Aba.vomi 
Forestry Research Institute of Nigeria 

Ibadan, Nigeria 

The growth and yield of three ~ species, t:. carib .. a, t:. oocarpa and t:. kesiya are 
de.cribsd and colllpared in different localities of the savanna zones of Nigeria. The best 
growth of the three Pinus species haa been observed at Miango on the Jos plateau. P. carib .. a 
appear. to have the ~growth on all sites, followed clcsely by t:. oocarpa. Scmelimitaticns 
in the compari8Ons made in the paper are lIIentioned. 
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EFF!X:T OF AGE ON BOOTING OF CU'l'TINGS AND 
COPPICING OF Sl'UMPS OF PINUS CARIBAEA 

0.0. Okoro 
Forestry Research Institute of Nigeria 

Ibadan, Nigeria 

Investigations vere oarried out to determine the rooting propensities of cuttings taken 
from various ages of Pinus caribaea trees and rooted under tliO environmental conditions: mist 
end temporary propaga~ Better callusing vas obtained under mist. Some cuttings :from all 
age. of trees rooted under mist whereaa only cuttings from seedlings and a few from ten-year 
old trees rooted in the temporary propagator. Under both environmental conditions, cuttings 
from six and 15 month old seedlings rooted best. When seedlingS of these tliO ages were 
coppieed, the latter had better survival percent (100%) and those stumps which had 8 - 16 
sprouts produced more uniform shoots with reasonable growth. Stump., of ten year old tree., 
did not coppice at all. 

~ ooe&rpa is one of the best 
plantation species for the northern 
Guinea savanna. This growth trial 
plot at Afaka, Nigeria, is 7-years 
old. 
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Pari 131 He .. 

!!!!! 
M .A. 0 g1g1rigi and F. Y. Ueld.ya 
Shelterbelt Re.earch Station 

Kano, Nigeria 

Thb paper review the hbtory of ne. (Azadirachta indioa) in the Sudan sone of northe%!!. 
Hipria; give. a c-eral de.oription of the tree, it. Phenology, silvioal charaoterbtio. IU1d 
u.e.; ad de.oribe. ourl'eot nunery, planting and tending practioe •• 

Following it. introduotion into the Sudan IIOne in 1928, Deem h .. become the most illportant 
plantation BPeoi .. in the sone with nearly 1500 ha planted by 1964. 'l'he major u.e. of the 
wood are for pole. ad fuel. 

The ne .. tr .. i. deep rooting, h .. a large, heavy orown and i. a prolifio seeder trom 
ap tive onwards. Planting is primarily with nunery .took rai.ed in polythene tube. and 
outplanted at 2.4 % 2.4 II or 2.7 x 2.7 m .paoinp. Two mechlU1ioal harrowinp per year are 
nece •• ary tor the fir.t three year. to reduoe weed competition. Around large town. where 
both farmlad and wood produots are in abort .upply, farming in the plantation. i. suooe •• ful. 
Groundnut., bean., and ooo .. ionally millet are raised. 

Direct sowing hu alao been GOwn to be a prombing,8imple and cheap method of enriching 
lars- are.. of .avanna. 

mMB PHYSICAL PROPERTIES OF mIL UNDER HE91 
AT Y.AJlBA,WA, KANO Sl'ATE 

J .E. Ujah 
Shelterbelt Re.earch station 

Kano, Higeria 

.ea.urement. of particle .i.e distribution, bulk den.ity, partiole den.ity, total 
poro.ity and l80il IIObture content trolll four .eleoted .it ... tooked with <a) fi". year old 
ne., (b) one year old ne., (0) only weede, and trom a Bite (d) where n .. m failed atter one 
year, showed DO .ipifioant ditferenoe. betweaD Bite. where n .. m b growing well and where 
it failed or ... never planted. 
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Part CI Eucalypts 

ESTABLISHMENT TECHNIQUES FOR EUCALYPTS 

G.O.A. Ojo 
Forestry Research Institute of Nigeria 

Ibadan, Nigeria 

Eucalypts used in plantation work in the Nigerian savanna are E. camaldulensis, 
!:. teretioornis, !:. ci triodora, E. cloeziana and !:. "saligna" hybrid.-

Intensive management techniques are employed. The natural vegetation is felled, 
stumped and burnt and the site is ploughed. Planting stock is raised in polythene pots to 
a height of about 30 em for outplanting early in the rainy season after the soil is wet to 
about 15 am. The species differ in their ability to withstand dry spells immediately after 
planting; whereas most can tolerate a week of unexpected dry weather, ~ cloeziana must be 
planted in very wet weather. Spacings from 1.8 x 1.8 m to 2.8 x 2.8 m are used depending on 
the objective of management and the weeding method to be adopted. Three to four weedings, 
manually around individual trees and usually mechanically between the rows, are carried out 
the first year during the rains. Wee dings are fewer in subsequent years but are required 
until canopy closes, often within one to two years, depending on species. E. cloeziana gives 
a denae canopy, but !:. citriodora is thin crowned and requires weeding for three to four 
years. Borate fertilizer applied to the soil a few weeks after planting at the rate of 56 g 
per plant is highly beneficial. On very sandy soils the application is made over a two year 
period. 

Owing to their light crowns, clean weeding, fire tracing and fire patrols are required 
fire proteotion methods in savanna eucalypt plantations. 

EARLY GROWTH PATTERNS OF SOME EUCALYPT SPECIES 

IN THE NIGERIAN SAVANNA 

D.E. lyamabo 
Agricultural Research Council, Moor Plantations 

Ibadan, Nigeria 

M.A. Ogigirigi 
Shelterbelt Research Station 

Kano, Nigeria 

Studies of the height and girth growth of Isorberlinia~, Khaya senegalensis, 
EucalYptus citriodora, !:. cloeziana, !:. deglupta, ~ propinqua, !:. robusta and ~ tereti
cornis showed the eucalypts to have growth rates and periodicities superior to those of 
species indipnOl1s to the northern Nigerian savanna. Apical and lateral meristems, dormant 
for part of the year in both ~ ~ and ~ senegalensis, remain active all year round in 
the eucalypts, enabling them to sustain appreciable levels of growth during the dry season. 
Aooelerated height growth, however, begins in late April to early May after soil moisture is 
auffioient~ replenished. Accelerated girth growth starts earlier - in Maroh - but some of 
this "growth" may be attributad to hydration of stem tissue following increasing atmospheric 
humidity. 

Starting at about the middle of the wet season and continuing into the dry season, 
there ia a progressive deorease in girth growth rates in ~ ~ and all species of 
euoa~ta. This· can apparently be attributed to the heavy leaohing of nitrogen from the 
forest litter which acawaulated during the dry season, rather than water stress. 
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1fUTRITION OF lIIJCALYPl'S 

O. }(ade'ba 
S&vlIIlDa Foreetry ReHarch station 

SIIII&rU, Zaria, Nigeria 

Nutritional .tudie. for. part of the .... ral integrated fore.t cultural practio •• 
• ployed in the e.tablillbment and management of exotio plantation. of eucalypte in Nigeria. 

Boron, ni trosen and phoephoru. are the three elellente that ma,y limit the growth of the 
different .peoie. of euoalypt. that are b.ing tried in the dforeetation progranme. Reeult. 
of all the field experiment. conclue1vely IIhow that the inoidenoe of dry .e8.80n di.-back of 
.uoalypt. 18 aaeooiat.d with boron d.ficienoy; applioation of borate fertilizer at the rate 
of 50g per tree would correot this defioienoy. Growth inor.ases w.re obtained on some .it •• 
following applioation of nitrogen and pho.phate fertilizere. A common feature 1e the po.itive 
interaction betw.en nitrogen and pho.phoru.. Ther. wu no re.pon .. to potusium. 

OOME ASPEX:TS OF WATER RELATIONS OF mCALYPI'US UNDER 
IUGERIAN SAVANNA CONDITIONS 

M.A. Ogigirigi 
sn.lt.rbelt Re •• arch station 

Kano, Nigeria 

Studies on the water relations of .uoalypt. in the north.rn Nigerian Bavanna d.mon.trated 
that "awidaDoe" i. a .isnifioant component of drou8ht hardineB. in E. oloeziana, E. robu.ta, 
!:. p11ular1e and E. propinqua, lIhile "tol.ranoe" 18 important in !:. OiimaldulenB1e.-Meuuremente 
of transpiration trom exoiBed leave. of four .peoies showed that the Btomatal meohan1em of 
!:. p11ulari. W88 moBt efficient in the oontrol of water lOBS, followed by !: robueta, !:. l!.!:!
ticomi. and E. oamaldulenBi.. Th. ranse of eeaeonal variation in leaf water deficit vas also 
leu tor !:. robu:.ta, !:. propinqua and !:. oloezinana than for !:. camaldulenBiB. 

Under condition. of hi8h soil moiBture stre •• , E. oamaldulensiI!I was more effioient in 
vater u •• and pu,t on gr.ater h.i8ht growth than Pinu.oaribaea, E. teretioomi. and E. robusta. 
!=. !'9bu.ta IIhow~d high wat.r u •• and good growth"""&'t"intel'lllediat.to low l.vel. of soil lIIOi.ture, 
but h.avy mortality oocurr.d at the high.st l.vel of moiBture .tr.... Water u •• by P. cariba.a, 
on the oth.r hanel, w. high und.r oond11i10n. of hish .011 lII01etur., but low lIlten lIIOilmobture 
b.o ... lialting. 

E:P'F'EX:TS OF mCALYPTUS PLANTATIONS ON IDILS 

O. Kadeba and B.S.K. Onweluzo 
Savanna Fbre.tr,y ReBearch Station 

Samaru, Zaria, Nigeria 

Analy ••• of lIIOil. under plot. of Euoalyptu. oloeziana, !:. torelliana and adjacent .avanna 
woodland provide .videnoe that organio matter and exchangeable potas.ium in the mineral 8011 
are depleted more under the euoalypt. than under woodland. No difference in calcium or magne
.ium were evident. There i., however, much greater litter acoumulat ion on the forest floor 
under euoalypt.; dry weight value. were 14.59, 14.20 and 6.60 tonne. per hectare, respeotively, 
for 8 year old E. oloeziana at Afaka, 9 year old E. torelliana at Miango and aavanna woodland 
that had been fire proteoted for about 20 year.. -
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THE GH>WTB AND nELD OF 1!XJCALYPTUS SPl!£IES IN THE 
SAVANNA roNES OF NIGERIA 

J .0. A ba.yomi 
Forestry Researoh Institute of Nigeria 

Ibadan, Nigeria 

The growth and yield of some Euoalyptus speoies are desoribed and oompared in different 
looalitiea of the aavanna zonea of Nigeria. The best growth recorded is that for Eucawtua 
fpalldia at Hgoroji on the M8IIIbil1a plateau, tlhile in the plaina, Eucalyptus oamaldulenaia 
Petfoni provenanoe), !:. teretioornia and acme atands of !:. grandi. have produoed relatively 

high yields. Afaka appeara to be the moat favourable experimental site on the plains for the 
eatabliahment of Euoawtus plantationa. Some limitationa in the comparisons made in the 
paper are mentioned. 

The excellent performance of the Pet ford 
provenance of Euca!yptus camaldulensis 
in the northern Guinea savanna creates a 
demand for adequate seed supplies. This 
6~ear old seed stand, spaced 12 x 12 ft 
(3.8 x 3.8 m) at Afaka, Nigeria, began 
seed production after 4 years, but the 
tall, narrow croWDS make collecting 
difficult. 
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E1WIPLES OF ZAMBIAN PLANTA.TION COSTS 

A.C. Finoh 
Division of Forest Researoh 

Kitwe, Zambia 

1973 ESTIMATED DIRECT ESTABLISHMENT COSTS* 

Euoall~s 
{K/ha 

175.64 

4.89 

3.34 

(b) All Other Planting Operations 9.48 

Fert i lisat i on 10.96 

1st Season Weeding 

(a) Hand 6.53 

(b) Mechanioal 17·59 
2nd Season Weeding 

(a) Hand 

(b) Meohanical 

3rd Season Weeding 

(a) Hand 

(b) Meohanical 

Total Cost 228.43 

ANNEX 2 

Pines 
(K/ha) + 

175.64 

8032 

2.96 

11.59 

10.45 

18.07 

6.77 

4·51 

238.31 

* Labour and direct field supervisory labour, their wages, sooial seourity oontributions, 
olothing, leave and housing allowanoes, together with machinery used in operations and 
materials consumed. 

+ 1 Kwaoha - usa 1 .56 
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BASIC LAND CLEARING COSTS 

K/acre gross K/acre net 

Knockdown 11·50 
Windrow 22.00 

Stump, Burn and Clear 12.00 

4§'":55 56.74 
Glean and Plough 11.50 14 • .34 --- -
Total Cost per acre 57.00 71.08 

- ---- -
Total Cost per ha 140.85 175.64 

The total cost per acre net (K71.08) assumes an additional charge for plant movement 
of 6 per oent and that the net area is 85 per cent of the gross area. It is the intent ion 
of the Industrial Plantations Project to carry-over 50 per cent of the area to safeguard 
against land olearing contingencies in the following year. This places an average interest 
charge on the ground prepared for next year's planting of K1.84 per net acre. 



LABOUR COSTS PER WORKING DAY 

Su~visors 

labour Field Mechanioal Drivers 
(K) (K) (K) (K) 

Basic Annual Wage 342.00 734.40 853.20 475·20 

Contribution toward Social Security 25·20 72.00 84.00 48.00 
Plan 

Clathing and Food Allowances 20.00 20.00 20.00 20.00 

Housinf Cost (20 yrs at 7fo interest 142.00 142.00 208.00 142.00 
rate - - -

Total Basic Cost / Annum 529.20 968.40 1163.20 685.20 - - -
Basic Cost / working day 2.30 

(+ 230) 
4.24 5. 10 3.00 

40% Incentive Bonus on basic daily 0-38 - - 0.52 
wage - - -

Total Cost / working day 2.68 4.24 5·10 3.52 - - -- - -



1 • Nursery Stoak 

Labour . 
7 ton Lorry 
D-4 
Materials 

Supervisory Ratio 
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PINES: ESTIMATED 1973 ESTABLISHMENT COSTS 

Input Units 
per ha 

2.423 man-days at 2.82 
1.639 km at 0.13 
0.024 hours at 4.00 
K1.189 

1: 10 

Estimated r.Obt 
per ha 

6.83 
0.21 
0.09 

A:;~ 
Based On 1490 plants raised for each hectare to allow for losses in nursery and 

beating up in field. 

2. Planting 

(a) Prediscing 

Drivers 
Tractor 

0.175 man-days at 3.72 
1.198 hours at 1.75 

Supervisory Ratio 1:7 

0.2.6 
2.10 
2.96 

(b) Other Operations including Staking, Plant Distributlon and Plantjng. 

Labour 
Drivers 
Tractor 
Lorry 

3.356 man-days at 2.76 
0.361 man-days at 3.52 
0.477 hours at 1.75 
1.787 km at 0.13 

Supervisory Ratio 1:18 

3. 1st Season Weeding 

(a) Hand Weed (3 times) 

Labour 
Transport 

3.284 man-days at 2.8R 
9.941 km at 0.10 

Supervisory Ratio 1:7 

(b) Mechanical Weed (8 times) 

Dri vers 1.000 man-days at 3.75 
Tractor 7.910 hours at 1.75 
Transport 4.784 km at 0.10 

Supervisory Rat i 0 1: 6 

2nd Season Weedine; (~ t imesl 

Drivers 0.371 man-days at 3.75 
Tract or 2.965 hours at 1.75 
Transport 1.853 km at 0.10 

Supervisory Ratio 1: 6 

~rd Season Weedine; ~2 timeB~ 

Drivers 0.247 man-days at 3.75 
Traotor 1.977 hours at 1.75 
Transport 1.236 km at 0.10 

Supervisory Ratio 1:6 

9.26 
1.27 
0.83 
0.23 

.J..1.:22 

3.75 
13.84 
0.48 

w.o7 

0.93 
3.46 
0.12 
4.51 



SUJOIARY OF SILVICULTlIiAL OPERATIONS AND COOTS Pm HA 

Chati Idola Ichimpe Total !verat: Productivities and Costs 
Area weighted for area) 

Area Cost Area Cost Area Cost (ha) 
Desoription of Work (ha) (X/ha) (ha) (K/ha) (ha) (K/ha) an- vehicle tractor 

dAys/ba km/ha hOUl's/ha X/ha 

Rais. plants, no. of 
plants (1000) 

(879) (5.65) (924) (5.) 1) (2306) (6.19) (4109) 2.0 (5.89) 1.8 0.2 

Preplanting harrowing 1349 6.82 428 5.97 2192 5.13 3969 0.4 5.79 2.0 1.0 
Squaring, planting 968 5.88 397 18.24 1365 9·47 1.1 
Beating-up 528 0.44 14 3.07 542 0.) 0.50 1.0 
fertilizing euoalypts 619 5.09 13 20.23 20 22.)5 652 1·5 5.92 3.0 
Hand weeding, 1st, 2165 3·55 2078 2.67 4243 2·5 3.11 4.8 

pine 

Band weeding, 2nd, 1899 4.85 187 3.41 2086 2.9 4·72 8.1 
pine 

Hand weeding, 1st, 2564 2.45 26 5·38 2590 1.) 2.47 4.1 I eucalypts 
I\J 
VI 

Mecbanioal weeding, 1st, 6423 3.28 5163 2.15 11586 0.2 3.04 1.6 1 .1 0> 

pine I 

Meohanical weeding, 2nd, 
pine 

5084 3.10 607 3.19 5691 0.2 3.10 3·5 1.1 

Mechanioal weeding, 3rd, 
pine 

4171 2.81 4171 0.2 2.81 1.2 1 .1 

Mechanical we.ding, 1st, 3870 1.77 3870 1.0 1.77 1.6 0.6 
eucalypts 

Pruning, 1.t, pin. 175 5.09 648 5·47 823 3.4 5·38 0.6 
Pruning, 3rd, pine 91 6.01 91 3.7 6.01 8.8 
Pruning eucalypts 816 4.48 816 2.6 4.48 3.7 
larking thinning 497 0.58 212 1.16 169 0.5 0.78 0.5 
Thinning pine 1 st 

poisoning 
138 7.09 33 32.33 171 1.4 11.96 7.9 

Singling coppice 29 2.97 31 17 .13 60 8.1 10.28 0.0 

Bark beet Ie control 135 2.90 135 2.90 
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ANNEX 3 

COUNTRY' STATEMENTS 

CoUll try I !!!!.!! 

I. GENJ!ltAL GEOGRAPHICAl, INFOR}lATION 

1.1 Area of country: 112 600 km2 

1.2 Location: longitude 0 040' - 03045'Ejlatitude 060 15' - 12025'N 

1.3 Population: 3 250 000 inhabitants 

1.4 Main climatic and vegetative zones, E;quatorial climate with vestiges of semi
deciduous forests; continental climate with tree savanna formation; continental 
climate with savanna woodland formation. 

II. FORESTS AND NATIONAL FOREST POLICY 

2.1 

2.2 

2.3 

Area of high forests km2 

Area of savanna 11 22 000 km2 

Proportion of land under high forest -%; in savanna 11 2~~ 
Does the country have a written statement of national forest policy? 

Yes LD No c::J 
2.4.1 If a national forest policy exists, whRt are the main objectives 

stated in it? 'I'o safeeuard the constitution and conservRtion of the 
national forest domain and tn carry out reforestation ~nd rational 
exploitation. 

2.4.2 If there is an official st~tement of forest policy for the sflvanna 
reGion, briefly outline its main points. Control of bush fires; 
authorization of early burninc under state surveillance. 

2.5 Leeislation available to implement policy Yest:L:} 1100 

- YFor the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the va'rious types of savanna wood
land, savanna and steppe as described in Appendix 1 of Tree Planting Practices in 
African Savannas, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974. 
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2.6 Ownership of forests and savanna 

Under state control 

Pr~vate ownership 

Community ownership 

No effective control 

High forests 

~; 

7'~ 

5<', 

::)avA,nna 

" - I" 

C' - /., 

2.7 Principa.l forest products from all regions (e./;;. fuelwood,charcoal, sp,wlocs, 
gum, beeswax and honey, veneerlogs, loes for !'Ileepers, poles, piline; and 
posts, pulpwood). 

4 300 000 steres of fuel wood and charcoal; 
20 000 m3 of sawlogsj 
200 000 poles 

2.8 Forestry staff 

Professional 

Subprofessional(with diplon~ 
or certificate of training) 

2.9 Gross annual bud~et for forestry 100,000 U3S 

;;itute others 

6 

10 

III. AFFORESTATION AND REFOR~TA'rION, GENJ<.:RAL 

End use 

lumber 
lumber 

3.1 Areas 

3.1.1 Total net area Y of plantations at the end of 1974: - ha 

3.1.2 Net area Y of plantations in the SA.vannn at the end of 19711: - ha 

3.1.3 Planned annual target areA. of <"f/reforestation: ha/yr 

3.1.4 Planned annual planting rate in seva,nna:variable 

3.2 Organization and administration of savanna plant inc schemes 

3.2.1 State forest services 

3.2.2. Others (specify) 

..•.....•.................... 

...•...•..................... 

100?, 

. •.............•. 

3.3 Intended prinCipal end usa (a.e. sawtimber, posts anet poles, pulpw0od, fueldwood, 
protection,etc.), species, erowth and rotation of major savanna plantation. 

SJ2ecies net area~hB)Y 
teak 6 285 
Cedrela spp. 250 

Rotation {Yrs} 

Go 
under study 

\Ilean annual increment 
(Ujb.) at rotat ion ace 
em /hahear) 

pi ling'!-post s teak 715 7-8 
piling+-posts Casuarina SPa 500 I)..JO 
fuel wood Casuarina sp. 1000 1)..10 

i7 Net area is the eross area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 
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IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing perJll8llent 
savanna nurseries? 1 000 000 plants. 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? 750 000 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? plants. 

4.2 Planting stock 

4.2.1. Indicate the main types of planting stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for the principal savanna 
plantation species. 

SpeCies Type of stock 

teak stumps 
Gmelina, Cedrela bare-rooted transplants 
neem bare-rooted transplants 
Casuarina "basket containers 10 x 30 cm 

4.2.2 If containers are used, state type (polythene tulJes or pots, "Jiffy pots", 
etc.) and give dimensions (lay flat for polythene) 

woven palm baskets 30 cm deep and 10 cm in diameter 

4.2.3 Give average size (height) of savanna outplanting stock and leneth 
of time (weekS) required to raise it in the nursery. 

~pecies 

Casuarina 

4.3 Savanna nursery methods 

outplantin.e size 

10-15 cm 

w~eks in nursery 

6 

4.3.1 Briefly describe the sowin~ methods used in savanna nurseries (bed 
sowing, pricking out, direct sowing into containers,etc.) 
For teak, neem and Gmelina, seed is sown in lines about 10 em apart 
in beds. Casuarina is br08cimst sown and pricked-out after 6 weeks. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) 
used. N~ure is used, but quantities are not measured. No chemical 
fertilizers are used. 

4.3.3 Briefly describe s~vanna nursery watering mothods and schedules (If mechanical 
irrigation equipment is used, indicate type). 
All nurseries are watered manually with waterine cans, except the Casuarina 
nursery, I.hich has a water tower and rotary sprinklers. 

4.3.4. Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Manure is treated with BHC or DlJI' to f'lard Heainst attacks on CasuarinCl 
seed in nurseries. 

v. l!STABLISHMl!NT TECHNIQUbS It'OR SAVANNA PLANTATlOl~S 

5.1 ~ite selection 

5.1.1. Are detailed vegetation maps available for most savanna regions? 
Yes / X I No L::J 

5.1.2 Are detailed soil maps and soil survey descriptions available for 
most savanna regions? Yes ITJ No CJ 
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5.2 Land clearing and Bite preparation 

5.2.1 Briefly desoribe the main savanna land clearing methods used. 
Clear felling is done by axe; tractor clearing is envisaeed and 
is under study. 

5.2.2 Briefly describe the principal site preparation techniques used 
af'ter land clearing in the savanna. 
After felling, the site is burned and large holes are filled in. 
Pegging out follows. 

5.3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna 'f Yes ID No 0 
If so, indicate for which species: Anacardium 

5.3.2 Indicate the most common spacines at which the main s<'VCl.nna plantaticm 
species are planted. 
5 x 5 to 6 x 6 mj later thinned to 10 x 10 or 12 x 12 m. 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of tauneya. 5 000 ha. 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weedine. 
Two weedings per year for youne teak, and after the fourth 
year one annual slashine and one sineline. For Anacardium 
two weedines and one cultivation annually. 

5.4.2 If irrigation is used in plantations, Give the area irrigated of 
each speCies, the frequency of vlatering and the quantity of \'lCtteT 
applied. None. 

5.5 Protection of savanna plantations 

Briefly describe protection mea,sures against insects, pathoc:;ens and 
animals. No significant control mnasures but reBearch is beine done 
on rots, borer attacks to Khaya senecalensis and Chlorophor~l. calls. 

Is there a national fire i5r ro,tine; syston,;-
Yes L:::7 No X 

5.5.3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes ID No 0 
Is controlled (i.e. prescribed or 
savanna plantations? Yes L:::7 
Around plantations? Yes ID 

early) burni~ra.ctiC'ed in 
No LL..J 
No c:J 

VI. SEED AN1> TREE IMPROVEMl'.lfl' 

6.1 Is there a national tree seed coordinatine centre? Yes 0 NofTI 

6.2 Is there a national tree seed certification system? YesLr! NOc::J 
6.3 Are there facilities for st orine; seed a.t controlled temperatures'? 

Yes.c::::J No LKJ 
6.4 Indicate the main source of seed supply for the principal savanna plantation 

species. Seed of teak, Anacardium, t;edrela and neem is obtained from 
selected seed trees within the country. 
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6.5 List the species being tested in comparative trials in the savanna. 
Indicate in parentheses the number of provenances being tested of each 
species. 
Only Cedrela odorata and Gmelina arborea,introduccd a long time ago, 
are acclimatized. 

VII. REro'ERENCE; MATJ;;RIAl., 

List the main published sources of information on afforestation and nursery 
practice in the savanna regions of your country. 

Nil. 

Country: ~ (see also Appendix 4) 

I. G~..NE1{AL G.8OGRAPHICAL INFORlviATION 

1.1 Area of country 34r> 000 km2 

1.2 Location: longitude 11 0 09'04" - 1E30/)OlEj lii-titude 030li2' 30''1, -05°02'03"3 

1.3 Population 1 500 000 inhabitants 

1.4 Main clima.tic ~d veGetc .. tive ZOl1efl 
Equa.torial climate with two seaflons: dry season from Ma.y to ;-)ert~mherj 
wet Reason from Ootoher to April. Vet;eta.tion: hiGh forest, manLTove forest, 
savanna and eallery forest. 

II. FDR.r;3TS AND NNl'l ON AL FORE::iT POLl G Y 

2.1 Area of high forests 205 000 Icrn2 

2.2 Area of savanna li 137 000 km2 

2.3 Proportion of land untler hir;h forest 6C'f;:.; in saWLlUla li4o", 

2.4 Does the country have a written statement of national forest policy? 

Yes tlJ No CJ 
2.4.1 If a national forest policy exists, what nrH the ma.in objectives stated 

in it? To oontain monopoliza.tion of commercial forestry; reinforce 
and develop the state's role in forest exploitation; increase the anlount 
of wood which is processed within t.he country; conduct research to promote 
under-utilized tree species; carry out plantation pr()CTammes vlith eucalypts 
and pines. 

2.4.2 If there is an official stCl.temel1t of foreat policy f()r the savanna rer;ion, 
briefly outline its main points. 
Garry out eucalypt ClJ1d pine plantation pr0t7~.mmF)s in rtccordanc:e I.n.th the 
first, national three-yp.ar plan. 

2.5 Legislation available to implement policy Yes n;:; NoD 

17 For the purpose of this questionnaire, savanna is considered as including the full 
range of tropical vegetation types of which ~ is a. sienificant char<'cteristic. 
At one end of the spectrum, closed forest and thickets are excluded; at the other 
end, desert is excluded. Between these extremes, sS.vanna comprises the various tYl)es 
of savanna woodland, savanna and steppe as described in Appendix 1 of Tree PlantinG 
Practices in African Savannas, FAD Forestry Development Paper No.19, by M.V.l.aurie, 1974 
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2.6 Ownership of forests and savanna 

Under state control 

High forests Javanna 

100;,', 
Private ownership 
CQmmunity ownership 
No effective control 

2.7 Principal forest products from all regions (e.e. fue1wood, clmrcoa1, sawloes, 
gum, beeswax and hondey, veneerlogs, logs for sleepers, poles, piling a,nd 
posts, pulpwood). 

F'uelwood, charcoal, posts. 

2.8 Forestry staff ::itate others 

Professional 13 

Subprofessional (with diploma or 
certificate of training) 17 

2.9 GrCBS annual budget for forestry U.3$ 

III. AFFORE:lTATION AND RI<;FORESTATION! GENERAL 

End use 

3.1 Areas 

3.1.1 Total net areal! of plantations at the end of 197~: 13 8n ha 

3.1.2 Net area l! of plantations in the savanna at the end of 197:1: 7 39;" ha, 

3.1.3 Planned annual tareet area of af/reforestation: ha/year 

3.1.4 Planned annual planting rate in savanna: 500 Iia/year 

3.2 Organization and adminstration of savanna planting schemes 

3.2.1 State forest services 

3.2.2 Others (specify) 
:None 

loa;: 

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
fuelwood, protection, etc.), Bpf'lCies, growth and rotation of major 
savanna plantations. 

Sl2ecies Net area!ha)Y Rotation ~Yrs) 

V,ean annual 
increment(U.b.) 
at rotation aee 
(m3/11"/yr) 

Construction Terminalia BUl2erba 6 435 35 4 

2~35 

1~20 

timber 
pulpwood eucalypts 5 179 4-6 
pulpwood pines 2 213 8-12 

i7 Net area is the gross area of plantations minus the area in roads, rides,buildings 
and other non-stocked land. 
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IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing permanent 
savanna nurseries? 2 000 000 plants 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? 630 400 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? plants. 

4.2 Planting stock 

4.2.1 Indicate the main types of plantine stock (bare-rooted transplants, 
stumps, container stock, etc.) raised for the prinr:ipal savanna 
plantation species. 

Species 
~ucalyPtus platYp~ylla 
E. XII ABL 
E. uroph,ylla 
Pinus caribaea 
f. oocarpa 

TyPe of st ock 
containers (polythene pot s) 

n 

n 

n 

n 

" n 

n .. 
If containers are used, state type (polythene tubes or ~ots, n jiffy 
potsn,etc.) and give dimensions (lay flat for polythene). 
polythene pots 17 x 21 ern 

Give averaee size (heieht) of savanna outplanting stock ana length 
of time (weekS) required to raise it in the nursery. 

Species 

eucalypts 
pines 

4.3 Savanna nursery methods 

Outplantinr; size 

10-15 crn 
10 ern 

~eeks in nursery 

8 
12 

Briefly describe the sowine methods used in savanna nurseries (bed 
sowine, prickine; Ot,t, direct sowine into containp,rs,etc.) 
l<Mcalypt seed is broadcast sown in irrieated seed beds; pricking 
out into polythene pots is done < w0eks later. Pines are line sown 
in seed beds and pricked out (also in polythene pots) G weeks later. 

Briefly describe the soil mixture and fp,rtilbers (ami quantities) 
used: ::>011 mixture is 50';:, black earth and ~05:' sand. A complete fertiliz,p,r 
(10-10-20) and slae are used. 

Briefly describe savanna nursery waterine; methods and sohedules (If 
mechanical irriga.tion equiplnent is used, indicate type). 
Metnunl waterinG is with fine rose wFJ.terinc cans. \,ateriIlG wit h rotpry 
sprinklers is done twice a day whp,n plants are yount'; and. once a day later. 

Briefly describe the standard seJVannrl. nursery protection mf!aSUres 
(ae;ainst pathoeens, insects, animals, environmental f'lements). 
Insecticides (dieldrex Py or phytasol) are dusted around eerrnin~~tion 
and plant holding beds. 
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V. ESTABLISHMmT T~HNIQUES FOR SAVANNA PLANTA'l'ION;;i 

5.1 Site selection 

Are detailed ve~ion maps avEt.ilable for most savanna re[;ions: 
Yes iKJ No LJ 

5.1.2 Are detailed soil maps and soil survey 
most savanna regions? Yes LK:7 

descriptions availR.blE< for 
NoL:::! 

L8nd clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearinc methods used. 
In closed forest, clearing is done with axes and power saws; 
in the savanna crawler tractors are used. 

5.2.2 Briefly describe the princiPdl site preparation techniqu0s ur.;ed 
after land clearing in the savanna. 
Clearing and burning followed by ploughing with a Cropmaster or 
Crop Pulv~risage with pulverizin['; discs. 

5.3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? Yes o No iKJ 
If so, indicate for which species 

5.3.2 Indicate the most common spacings at which the main saVRnnR plnntation 
species are planted. 
2.5 x 2.5 m and 3.12 x 3.12 m 

5.3.3 Give the total number of hectares of plantations establisheo to 
dat e in t he savanna by meEms of t aunc:.Ya : ha 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding 

Harrowing between the rows using a wheeled tractor equipped with a 
disc harrow or rotavator once every three months the first year (i.e. 
four times) and three times during the second year and manual hoeing 
around the trees. 

5.4.2 If irrigation is used in pl~tations, give the area irrigated of each 
species, the frequency of waterine and the quantity of water applied. 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects, pathocens and animals. 

At the time of planting poison baits are placed Rround the base of each 
plant to protect against insect fl.ttack - p<".rticularly stem cutting crickets. 

5.5.2 Is there a national fire danger rating system? 

Yes c::J No lIJ 
Are fire breaks and fire lines allowed for at the time of 
savanna plantation establishment? Yes/IJ No c::J 
Is oontrolled (i.e. prescribed 
plantations? Yes LK::7 
Around plantations? YesL:!:? 

or ej'lYJ burnine practiced 
No 

NOc:::J 

in savanna 
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VI. SEED AND TREE IMPRO~ 

6.1 Is there a national tree seed coordinating centre? YesL!::? No L:::7 
6.2 Is there a national tree seed certification system? YesL:::? No L:!:7 
6.3 Are there faoilities for storing seed at controlled temperatures? 

Yes KJ No 0 
6.4 Indicate the main sources of seed supply for the principal savanna 

plantation species: 
eucalypts: Australia, New Guinea and Congo (old plantations) 
pines: Central America and Congo (old plantations) 

6.5 List the species being tested in comparative trials in the savanna. 
Indicate in parentheses the number of provenances being tested of ea.ch 
species. 

Various euoalypts and pines: 8ucalyptus urophylla, ~. tereticornis, 
~ caribaea and f. oocarpa. 

VII. REFERmCE MATERIAL 

List the main published source of information on afforestation and nursery 
practice in the savanna regions of your country. 

country: ~ lsee also Appendix 5) 

I. OWERAL GEOGRAPHICAL INFORJrJATION 

1.1 Area of country 238 539 km2 

1.2 Location: longitude 10E to 30W; latitude 50 _ lION 

1.3 Population: 10 million inhabitants 

1.4 Main climatic and vegetative zones: The climate is humid to dry tropical. 'l'here 
are three main vegetation zones namely the coastal thicket, the high forest and 
savanna. 

II. FOREST~D~~1'IONAL FORl!ST POLI<;Y 

2.1 Area of high fovsts 82 258 km2 

2.2 Area of sava.rma 150 497 knl 

2.3 Proportion of land under high forest 347;; in savannal/631;, 

2.4 Does the country have a written statement of natinnal forest policy? 

1/ 

Yes!I:J No t:::J 
2.4.1 If a national forest policy existfl, what are the main obJectives stated in it, 

Creation of sufficient permanent forest resources by reservation to supply 
direct and indirect benefits necessary for the welfare of the people of Ghana 
and the management of the Forest resourcf;ls by methods thc:t achieve sustained 
maximum productivity and value. 

2.4.2 If there is an official statement of forest policy fdr the savanna region, 
briefly outline its main points. 

Same as in 2.4.1 

For the purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the various types of savanna woodland, 
savanna and steppe as desoribed in Appendix 1 of Tree Planting Practices in African 
Savannas, FAO Forestry Development Paper No.19, by"i.V. Laurie, 1974. 
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2.5 Leg1elation available to implement policy 
2.6 Ownership of forests and savanna 

Yes LXJ No CJ 
High forests Javanna 

Under state control 
Private ownership 
Community ownership 
No effective control 

2.7 Principal forest products from all regions (e.e. fuel wood, charcoal, sawlogs, eum, 
beeswax and honey, veneerloge, logs for sleepers, polp,s, piline and posts, pUlp
wood). 

Sawlogs, veneerlogs, logs for sleepers, fuel wood, charcoal, poles, gum, export J 0es, 

~.8 Forestry staff 
Professional 

Jtate 
<'2 

Others 

~ubprofessional (with diploma 
or certificate of training) 

2.9 Gross annual budeet for forestry 7 501 974 U0~ 

III. Al"'FOR~TATION AlJ]) REFORlli'rA'l'ION I Gl-.:NllIAL 

3.1 Areas 

500 

3.1.1 Total net areal! of plantation a,t the end of 1974: 23 <-:Q(3.00 flH 

3.1.2 Net area l! of plantations in tho savanna at tl!e end of 197L!: j .D1 na 

.3.1 • .3 Planned annual tareet area of af/reforest.atiC'ln: 7 j?8.oo ha/:rr 

3.1.4 Planned annual planting rate in BA.Vi>nna: ~ 176.0(1 ha/year 

3.2 Organization and administr?tion of l:lavunn1:-t plantine 8chernet: 

3.e.l State forest services 

3.c.2 Others (specify) 

1 (lU/ 

3.3 Intended principal end use (e.g. sawtimber, pC'lst8 pnc! poles, pulpwoorl, fue1w(Iod, 
protection, etc.), species, growth and rotRtion of' major ::mvanna p1antationf:l. 

End use 

Saw Log 
Pulp 

Poles 
Charcoal 
Fuelwood 
Fuel 

SpeCies 

Teak + Mahogany 
Gmelina + ~ucalyptuB 
AnogeiBBuB 
Teak 
all spp. 
all Bpp. 
Neem 

Net area(ha)Y Rotation(yrs) 

6~'(O years 
up to 10 ye/l,rs 

10-15 years 
10-15 years 
10-15 years 
10-15 years 

r.il-lRn annual 
illcrenlent (u. b.) 
at rotation Hf'e 

(m3/hu/year) -' 

!7Net--areas is the grOSB area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 
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IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and oapacities 

4.1.1 What is the total &m'lual production capacity of existing permanent 
savanna nurseries? 3 million plants. 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? Unknown 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? NIL 

4.2 Planting stock 

4.2.1 Indicate the main type 
container sto(;k, etc.) 

of planting stock (bare-rooted transplants,sturnps, 
raised for the principal savanna plantation species. 

Species 
Anogeissus 
Teak 
Eucalyptus 
Khaya senegalensis 
Neem 

TyPe of at ock 
stumps 
stumps 
potted 
stripling and potted 
stripling and potted 

4.2.2 If containers are used, state type (polythene tubes or pots, "Jiffy pots", 
etc.) and give dimensions (lay flat for polythene). 
Only polythene bags are used: 5 x 7 inches 

4.2.3 Give average size (height) of savanna outplanting stock and length 
of time (weeks) required to raise it in the nursery. 

Species Outplantin~ size Weeks in nurser;! 
Teak Ii - 2 ft. 24-30 weeks 
Eucalyptus l~ - 2 ft. 1~24 weeks 
Anogeissus 1 - 2 ft. 24-30 weeks 
Khaya senegalensis h-

"- 2 ft. 24-30 weeks 
Neem 2 - 3 ft. ~'~ - 3(' 1'1 ('pIG-: 

4.3 Savanna nursery methods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed sowing, 

pricking out, direct sowing into containers, etc.) 

(a) Teak, Khaya and Neem are sown on seed beds and pricking out is done 
immediately on germination either onto transplant beds or into con
tainers. (b) Anogeissus is sown direct on to seed heds. No pricking 
out is done. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) used. 
No fertilizers are used. Normally the containers are filled with top soil 
from the nursery site. Also compost is used. 

Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate t~pe). 
Where seedlings are raised in polythene bags,watering ca~s are used 
twice a day, morning and evening. Canal irrigatiop is also practised. 

Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Aldrex is used against insects. Fences are erected against animals 
and sheds are raised as environmental protection for shade. 
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V. ESTABLISHMalT TECHNIQUE:) FCR SAVANNA PLANTATIONS 

5.1 Site selection 

5·l.~ 

5.1.2 

5.2 Land 

5.2.1 

5.2.2 

Are detailed vegetation maps ava,ilable for most savanna regions? 

Yes CJ No KJ 
Are detailed soil maps and soil survey desc/iEti/ns available for most 
savanna regions? Yee CD No 

clearing and site preparation 

Briefly describe the main savanna land clearing methods used. 
The annual bush fires normally leave clumps of grass which is cleared 
either with hoes or cutlasseB. After that the area is stumped. 

Briefly describe the principal site preparation techniques used 
arter land clearing in the savanna. After stumping a two-disc 
plough is used to make ridges on which the seedlings are planted. 

5.3 Savanna planting and direct seeding. 

Is direct seeding used in savanna? Yes LK:7 NOP 
If so, indicate for which species: J\nogeissus (Nangodi 

Indicate the most common spacings at which the main savanna plantation 
species are planted. 
3 x 9 ft., 6 x 9 ft. 

Give the total number of hectares of plantations established to 
date in the savanna by means of taungya: ha. 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding 
Weeding on ridges twice a year. 

If irrigation is ueed in plantations, give the area irrigated of each 
species, the frequency of watering and the quantity of water applied. 
There are no irrigated plantations in Ghana. 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects, pathogens, and 
animals. 
There have been no known severe insect or pathogenic attacks. Limited 
fenCing has been practised against animals. 

5.5.2 Is there a national fire danger rating system? 

yesc:J No/K:J 
5.5.3 Are fire breaks and fire lines allowed for at the time of savanna 

plantation establishment? Yes L:!:7 No L:::7 
Is controlled (i.e. prescribed or earl~urning 
plantations? Yes L:::7 No L:!:7 

practiced in savanna 

Around plantations? Yes Kl No CJ 
VI • SEE:]) AND TREE lMPROVDtENT 

6.1 Is there a national tree seed coordinating centre? Yes Kl 
6.2 Is there a national tree seed certifioation system '(Yes.t=! 

NOc:J 
No tlJ 
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Are there facilities far 8torin~ seed at controlled telllperatures? 

Yes J!::7 100e No;:::! 

Indicate the main source of seed supply for the principal savanna 
plantation species. 
Seeds for savanna species from Jema and other places in the North. 

List the ~pecies being tested in comparative trials in the savanna. 
Indicate 1n parentheses the number of provenances being tested of each 
species. 

The only species being tried at the movement is Acacia senegal. 
Seeds have been obtained from the Senegal, 101ali and Ghana. 

II. REFEllENCE MATERIAL 

List the main published sources of information on afforestation and nursery 
practice in the savanna reeions of your country. 

Guidelines in the M.O.P. (Manual of Procedure) 

Country: IVORY COAST 

I. Gi'!!'fl'.:RAL GEOGRAPIDCAL INB'(IH1.1Nl'IOll 

1.1 Area of country 322 <;00 krn2 

1.2 Location: lonc;i tude 02°.30' - 090
.,;; 1ai.i tuue 04 0 _ IJ °1. 

1 • .3 Population: 6 000 000 inhabitomts 

1.4 ]':lain climatic and veCp.tA.tivc ~ones 

Climates: Guinea (eq\w.toriaJ) und Judan-Uuinofj, (tropicnJ) 
Vef,'Ctation: humid evererecn dense form,i.; Inmid rc:emi-deciJuO\Hl rlense forest; 

pre-forest and Oavanna. 

II. FOR1';:;)T;;S AND NATIONAL FORJ~JT POLICY 

2.1 

2.2 

2·5 

2.6 

A:rea of hiC;h forests 156 "(I') lan 

Area of s&vc.nna Y 165 7tll lai 

? 

Pr t . f 1 d 1 hi h f t ~ [' '",.' Y r 1 ., opor l.on Q 8,n. UIH er Gores ': ).n!"; l.n savalU1a .J ./:/, 

Does the country havo a written statem(mt of ne'i-iom·.l fO:rOAt po] ir..'/: 
Yes .!%:J Nn Cl 

2.4.1 If a national forest policy exists, vlh.;l.t ",.rc the main oh;jectivt's Gtat"rJ in it':' 

Preservation of the ecolof:icaJ beth-mce; ·:;ustainetl 'yi(C,ld of wood ttlrOUeh manage
ment and reforestation. 

2.4.2 If there is an official statement of forest p,)lic.y" for the [.;[.l.V'l.nne. ro[;ion, 
briefly outline its main points. 
Under stud:,', but no particular statoment for thH saV[1,nna recion .yet. 

LeGislation available to implement policy Ycs !KJ IJo 0 
Ownership of forests and savanna HiCh forest fJ Jav;,nna 

Under state control 10Cf/~ . lOOi" 
Forest reserves 'J 

<- b9B 55S ha 1 300 000 hn 

National parks 548 000 ha 1 175 000 ha 

11 For the purpose of this questionnaire, savanna. is considerec1 as inoJ un.ine the full rimge 
of tropical vegeta.tion types of which ~ is a sir,nificant characteristic. At clnc end 
of the apectrurr, ,closed forest and thickets are excluded; at the other emu, desert is 
excluded. Between these extremes, savanna comprises the various typCI:! of Savanna vlood
land, savanna and steppe as descri bod in Appendix 1 of' 'rree Pl,mtinc Practices in 
African Savannas, FAO Forestry J)evelopment Pa,per No.19, by I.:.V. Laurie, 1974. 
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2.7 Principal forest products from 
beeswax and honey, veneerloes, 

all regions (e.g. fueh-rood, charcoal, sawloge, gum, 
logs for sleepers, poles, pilinc and posts, pulpwood). 

For 1974: logs 4 626 000 m3 
sawntimber 56~ 000 " 
ot her product s 70 000 " 

2.8 Forestry sta:f:f .:Jtate others 

Professional 53 
Subpro:fession (with diploma 
or certi:ficate of trainine) 120 

2.9 Gross annual budget for forestry (1975) G 031 956 U;J:!\ 

AFFORl!STATION AND Rl!:F'ORE::lTATION I GJ,NJ;;HAl 

3.1 Areas 

3.1.1 Total net area lIof plantations at the end of 197/1: 35 300 ha. 

3.1.2 Net areallo:f plantations in the Flavanna at the enu 'Ji' 197/j: 10 000 ha. 

3.1.3 Pl8.IU'J.ed annual tare;et a.rea of af/reforestation: 3 500 ha/year 

3.1.4 Planned annual planting rate in s8.vanna:stopped after 1968 

_iuestions }.2 - 5.4.2 

For all practical purposes, re:forestation in the savanna zone in the Ivory coast was 
stopped in 1968 because the Government decided to concAntratfl its efforts in the hieh forest 
by launching an industrial plantations programme. 

From a be6inning in 1929 and up 1llltil thet time reforestation in the savanna. and pre
forest zones reached a total of 19 700 ha., o:f which 15 400 ha. ~Iere in forest reserves and 
4 300 were on village lands. Of the 15 400 ha. of plantations in reserved land, 10 000 hue 
are still regularly looked after. 

knacardium was the species most used for village plantinF,S; on forest reserveR the 
following were used: 

teak 9 300 ha 
Anacardiwn 2 350 " 
Gmelina 1 900 " 
Cassia 1 750 " 

neem and others 700 " 
The establishment techniques used were mechanical (in the r.jat j.emba foreflt from 196<1 

to 1966 :for 950 ha o:f teak) and chie:fly taunera. 

Anacardium was direct sown (2 seeds per planting spot) i stumps were used for teak. 
and Gmelinaj while :for Cassia bare root seedlings were employed. 

Planting densities were 625 - 1000 trees/ha for Anacardium and 2 500 trees/ha for 
most other species. For mechanized teak planting, density was 2 OOO/ha. 

In addition to cashew nuts, fuel wood and eeneral utility wood are produced as .. Iell 
as construction timber from Gmelina and teak. Expected commercial production :for 1975 
from these plantations is: 

firewood 
poles 
stakes 
posts 

36 000 steres 
32 000 units 
11 000 units 
JD 000 units 

11 Net area is the gross area o:f plantations minus the area in roads, rides, bui.ldings 
and other non-stooked land. 
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These plantations are old enough now not to require further tending and weeding other 
than fire protection and improvement cuts. 

The valuable plantations, that is the successful onelof sufficient area, are under 
management. Exploitation is according to plans dra~ up for each plantation, the total 
area being 10 000 ha. 

Although afforestation in the savanna zone ceased in 1968, agricultural industries 
are bringing rapid development to the region and management of rural space is becoming 
indispensible. Concerning forests and woodlots, the permanent state forest domaine will 
be consolidated and it is probable that an afforestation programme will be undertaken. 

To avoid certain errors which occurred in the past, this programme will involve the 
local populations concerned, and chiefly the farmers. Three types of schemes are envisaged: 
private plantations; village and communal plantations; and afforestation on state- con
trolled land. 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures aeainst insects, pCl,thogens and 
animals. None. 

5.5.2 Is there a national fire danger rating system? 

Yes 0 No LXJ 
5.5.3 Axe fire breaks and fire lines allowed for at the time of savanna 

plantation establishment? Yes!TI No ~ 

5.5.4 Is controlled (i.e. prescribed or 
plantations? Y~s L::7 
Around plantations? Yes L:K:7 

VI. SEb.'D ANI> TIlliE IMPROVEMENT 

early) burnine pra,cticed in savanna 

No I X " 

NOCJ 

6.1 Is there a national tree seed coordinating r.entre? Yes L::J No LD 
6.2 Is there a national tree seed certification system? Yes 0 NC' lIJ 
6.3 Are there facilities for storing at controlled t.emperatures:' Yes::::J NofTI 

• 6.4 Indicate the main source of seed supply for the principal savanna plantRtion 
species: See above note for questions 3.~ -- 5.4.c 

6.5 List the species tested in comparative trials in the savanna.Indicate in parentheses 
the number of provenances being tested of each species. None. 

VII. REFERENCE rv'lATERIAL 

List the main published sources of inforn~tion on afforestation and nursery 
practice in the savanna regions of your country. 

- h;tude de reboisement en zone de sa.vane dans la r~eion de Bouak~ eMe d' Ivoire 
(Nogent!Marne G'l'F'l' 1962) 

- La protection des sols et la restauration foresti~re nans les r~gions de savans du 
Nord de Ie C8t~ d'Ivoire CTF'l' 1961 (La J.1ensbruge) 

- Les Essences de reboisement en savane: colloque sur les Priorit~s de la recherche dans 
Ie d~veloppement ~conomique de l'Afrique, Abidjan les 5 - 12 Avril 1968 (G. de la 
lIIensbruge) 

- Les exp~riences de reconstitution de la savane bois~e en C6te d'Ivoire 
(Bois fer-TroPe 1953 No.32 
R~aultats d'exp~rience foresti~res entreprises A Bouak~ (Nogent!Marne G'l'F'l' 1942). 
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Country: ~ 

I. GFlfERAL GEOGRAPHIcAL INFORliJATION 

1.1 Area of country 569 252 km2 

1.2 Location: longitude 340 0' - 43°50 'EjlatituJ.! 5~ - 4°40';3 

1.3 Population: 13 000 000 inhabitants 

1.4 Main climate and vegetative zones 

i. Afro-Alpine: Moorland and Grassland 
11. Humid-Dry Humid: Forest s aJ'ld derived gra.sslands 
iii.Dry sub-humid - Semi-Arid: \;oodland - ,jooded Grassland 
iv. Arid - very Arid: Dry Woodland and Grassland 

II. FORESTS AND NATIONAL FOREST POLIcY 

2.2 

2 Area of high forests 17 077 km 

Area of savanna 11 405 343 km2 

Proportion of land under high forest 3~,,; in savanna1l7Oj~ 
Does the co;:tlY have a written statement of national forest policy? 

Yes X No 0 
2.4.1 If a national forest policy exists, what are the main objectives stated 

in it? To manage forests, develop and c0ntrol forestry for the ereatest 
common good of all. Objectives include Reservation of land for Forest, 
protection and management of forests, conservation, provision of timber 
and other forest products. 

2.4.2 If there is aJ'l official statement of forest policy for the savanna reeion, 
briefly outline its main points. 
The Savanna. regions are mainly under Private Ownership. Farm ,Joodlots 

and Afforestation are encouraged through a Rural Afforesation 0cheme 
covering most of the country. 

2.5 Legislation available to implement policy Yes 0 No m 
2.6 Ownership of forests and savanna 

Under state control 
Private ownership 
Community ownership 
No effective control 

High Forests 
• ••••• • ~b 

0 1 • ••••• _,0 
• •• • • • • '1v cr/ 
• ••••• _Iv 

::>avanna 
a:'! 

• •••• -I'"~ 
07 ••••• _,I) 
0' • •••• -,(I 

• • •• • • <J~ 

-]J For-ih-e-purpose of this questionnaire, savanna is considered as including the full range 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the speotrum, closed forest and thickets are excluded; at the other end desert is 
exoluded. Between the.e extremes, Savanna oomprises the various types of savanna. wood
land, savanna and steppe al desoribed in Appendix 1 of Tree Planting Practices in 
African Savannas, FAO Forestr,y Development Paper No.19, by M.V. Laurie, 1974. 
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2.7 Prinoipal foreat produots frOID all regioDs (e.g. :ruelwood, charooal, sawloge, gulli, 

beeswax aDd haney, veneerlogs, logs for aleepers, polea, piling and poSts, pulp
wood.) 

Sawloge, pulpwood, fuel wood , veneer logs, poles, piling and post a , gum. 

2.8 Forestry staff ~ others 
Professional At least B. Sc. 45 
Subprofessional 
(with diploma. 

Diploma 140 200 Certificate or certificate 
of training) 

Gross annual budget for forestry usa 
III. AFFORESTATI~ AND REFORESTATION. GlllUliAL 

3.1 Area 1; 
3.1.1 Total netl~ea-'of plantations at the end of 1974:104 080 ha 
3.1.2 Net area ~ of plantations in the savanna at the end of 1974 NIL 
3.1.3 Planned annual target area of af/reforestation:4 570 ha/year 
3.1.4 Planned annual planting rate in savanna: NIL 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2 others (specify): 
Rural afforestation covers Illost districtEJ in Keny<l 

3.2 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, fuel wood, 
protection, etc.), species, growth and rotation of major savanna plantations. 

End use Species Net area ( ha )1.I 

....... ..... ........ 
••••••• . .... ........ 
....•.. ..... ........ 

Rotation (Yre) 

........ 

........ 

Mean annual 
increment (u.b.) 
a~ rotation age 
m /ha/Yr) 

............ 

. .......... . 

. ........... . 
IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and cape.cities 
4.1.1. What is the total annual production capacity of existine permanent 

savanna nurseries? ••••••••• plants. 

What is the actual annual production (average from last 3 years) 
from permanent saVRDDa nurseries? ••••••• plants. 

11 Net area is the gross area of plantations minus the area in roads, rides, buildings and 
other non-stocked land. 
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4.1.3 What is the annual production (average from last 3 years) from temporary 
savanna nur3eries? ••••••••• plants 

4.2 Planting stock 

4.2.1 Indioate the rna.in types of plantine; stock (bare-rootced transplH.nts, 
stumps, oontainer stock, etc.) raised for th, principal save,nna 
plantation species. 

Species Type of stock 

•....•....... · ............. . .•....•.•.... · ............. . ...•......... · ............. . 
If containers are used, state type (poljthene tube3 or potA, "jiffy pots", 
etc.) and give dimensions (lay flat for polythenc). 
Polythene tubes. 

4.2.3 Give average size (height) of savanna outplc·.ntinC stork and 1 ene:th 
of time (weeks) required to raise it in the nursery. 

Species 

............ •........... .......•.... 

...•••..•... 
4.3 Savanna nursery methods 

4.).1 Briefly describe 
sowing, pricking 
1) Beds owing and 
2) Beds owing and 

4.3.2 Briefly describe 

Outplanting sil'.e I~eeks in nursery 

................ . .......... . . .......... . . .............. . . . . . . . . . . . . . . . . . . .......... . 
the sowing methods used in saV8nna nurseries (bed 
out, direct sowine; into containers, etc.) 
pricking out into containers. 
pricking out into boxes. 

the soil mixtures and fertilizers (and quantities) 
used •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••.••..•........................................................... 

4.3.3 Briefly describe savanna nursery watering methods and schl'ld.ules 
(If mechanical irrigation equipment is used, indicate type) 
...•.•....................•......................................... •.••..•........•......•............................................. 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements) • .•••.•.•••..•...•..•...................................•....•....... .••.....••..........•.....•...........•............................. 

v. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 

Yes J:::J No ITJ 
5.1.2 Are detailed Boil maps and soil survey deSCjiptjOnS available for 

most aavanna regions? Yes KJ No 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used 
...•.............•.......................................... ...•........................................................ 
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5.2.2 Briefly desoribe the prinoipal site preparation teohniques used 
after land olearing in the savanna • 
•...•..........•..•........•...........................•.•...... ..••••••••.•...•.••••••....••.•.•••...•.....•.....•..•...•....•. 

5.3 Savanna planting and direct seeding 

5.3.1 Is direot seeding used in savanna Yes CJ No ilJ 
If so, indicate for which species •••••••••••••••••••••• 

5·3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 

2.75 m x 2.75 m 

5·3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya......... ha 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding. 

5.4.2 If irrigation is used in plantations, give the area irrigated of 
each species, the frequency of watering and the quantity of water 
applied. 

None 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against inaects, pathogens 
and animal s • 
..•...•.••....•.•.......................•.................•..... 
.........•..........................................•........... 

5.5.2 Is there a nation~l fire danger rating system? 

Yes 0 No £IJ 
Are fire breaks and fire lines allowed for at the time of 
savanna plantation establishment? Yes LK:7 No L::7 
Is controlled (i.e. prescribed or early) 
savanna plantations? Yes L:::7 
Around plantations? Yes il:J 

SEED AND TREE IMPROVEMENT 

burn~racticed 

NoLD 

NOc:J 

in 

6.1 Is there a national tree seed coordinating centre? Yes LK:7 
6.2 Is there a national tree seed certific~tion system? Yes LK:7 

NoD 
NoD 

6.3 Are there facilities for storine seed at controlled temperatures? 
Yes J:];] No 0 

6.4 Indicate the main sources of seed supply for the principal savanna 
plantation species. Local supply from established seed a.reas fUld. orchards. 

6.5 List the species beine tested in comparative trials in the savanna. Indicate 
in parentheses the number of provenances beine tested of each species. 
Eucalyptus tereticornis, saliera, camaldulensis . 
Pinus oaribaea,oocarpa, keaiya 

VII. REFERENCE MATERIAL 

List the main published sa.trces of information on afforestation and nursery 
practioe in the savanna regions of your country. 
Technical notes, published for Department use. 
Technical Orders, prescriptions published for the Department. 
Forest Bulletins - occasional publications. 
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Country: SEliEnAL 

I. GENmAL GEOGRAPHICAL INFORMATION 

1.1 Area of country 220 000 1on2 

1.2 Location: longitude 110 22' - 170 32 Ii; latitude 120 18' - 16°41'N 

1.3 Populations 4 320 000 inhabitants 

1.4 Main climatic and vegetative zone s 

a) Sahel - Senegal climate, b) coastal Sahel - Senegal climate, c) Jahel - sahara 
climate, d) sahel-Sudan climate, e) Guinea climate. Vp.getation types employine 
the same names correspondine to these climatic types. 

II. FORESTS AND NATIONAL FOREST POLICY 

2.1 Area of high forests 500 1on2 

2.2 Area of savanna 11 110 000 1on2 

2.3 Proportion of land under high forest O.n'f<'i in savannA, 1IGlYti, 
2.4 Does the count,!:l...,have a written statement of ne.tional forest policy? 

Yes ££J No CJ 
2.4.1 If a national forest policy exists, what are the main objectives stated 

in it? 
a) Manage forest explOitation in the short run for the production of 

fuel wood, general utility wood and construction timber; 
b) Enrioh the forest domain by introducing hieh value exotio species; 
c) Promote the protection of nature and wildlife conservation. 

2.4.2 If there is an official statement of forest policy for the savanna 
region, briefly outline its main points. 
Same as 2.4.1 above 

2.5 Legislation available to implement policy Yes KJ NoD 

jJ For the purpose of this questionnaire, savanna is considered as includine the full ranee 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end ,desert is 
excluded. Between these extremes, savanna comprises the various types of savanna wood
land, savanna and steppe as desoribed in Appendix 1 of Tree Planting Practices in 
Afrioan Savannas, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974. 



- 279 -

2.6 Ownership of foreats and savanna 
Under state oontrol 
Private ownership 
Community ownership 
No effeotive control 

High forests 
1~ 

Savanna 
100% 

2.7 Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, 
gum, beeswax and honey, veneerloge, logs for sleepers, poles, piling and 
posts, pulpwood). 
Sawnwood, construction timbers, veneer, stakes, prop., poles, posts, and 
artisan wood. 

2.8 ForestTy staff 

Professional 

Subprofessional (with diploma 
or certificate of training) 

State 

4 

208 

2.9 GrOBS annual budget for forestry 1 260 870 US$ 

Others 

III. AFFORE::>TATION AND REFORESTATION, GENERAL 

3.1 Areas 11 
3.1.1 Total net area of plantations at the end of 1974: - ha 

3.1.2 Net area 11 of plantations in the savanna at the end of 197~:- ha 

3.1.3 Planned annual target area of af/reforestations- ha/year 

3.1.4 Planned annual planting rate in savanna:l 700 ha/year 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2 others (specify 

lOOfv 

3.3 Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
fuel wood, protection, etc.), species, growth and rotation of major 
savanna plantations. Mean annual 

Net area'ha}ll Rotation lears 
increment (u.b.) 
at rotation age 
{m3 LhaL;[!J 

l!:nd use Species 

Construction teak 2 133 50-80 
timber 
Sawtimber and Gmelina 1 266 20-?5 
veneer 

Charcoal eucalypts 
Protection 
stands Casuari_ 3 200 8-10 

General utility 
wood Casuarina 1 900 8-15 ]5 

Line plantings neem 
Windbreaks Anaca.rdi urn 6 200 

17 Net area is the gross area of plantations minus the area in roads, rides, buildines 
and other non-stocked land. 
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IV. SAVANNA NURSl!RY PRACTICE 

4.1 Nursery types and oapaoities 

4.1.1 What is the total annual capacity of existing permanent savanna 
nurseries? 3 - 4 000 000 plants 

4.1.2 What is the aotual annual production (average from last 3 years) 
from permanent savanna nurseries? 3 000 000 plants. 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? 500 000 plants. 

4.2 Planting stock 

4.2.1 Indicate the main types of planting stock (bare-rooted transplants, 
stumps, oontainer stock, etc.) raised for the principal savanna plantation 
species. 

Species 
tsak 
Gmelina 
nsem 
Casuarina 
eucalypts 

TYpe of stock 
stumps 
striplings 
bare-root 
polythene tubes 
polythene tubec 

4.2.2 If containers are used, state type (polythene tubes or pots, II jiffy potsll, 
etc.) and give dimensions (lay flat for polythene). 
Polythene pots 8 - 10 em diameter and 25 cm long are used for some species 
(eucalypts and Casuarina) 

4.2.3 Givs average size (height) of savanna outplanting stock and length of time 
(weeks) required to raise it in the nursery. 

Speciss 

teak 
Gmelina 
eucalypts 
Casuarina 
.elaleuca 

4.3 Savanna nursery methods 

Outplanting size 

stumps 
striplings or stumps 

60 em 
60 cm 
LlO cm 

Weeks in nursery 

52 - 104 
52 
17 
25 
25 

4.3.1 Briefly describe the sowing methods used in savanna nurseries( bed sowing, 
pricking out, direct sowing int a containers, etc.). 
Teak, Gmelina and neem are sown in seedbeds; Casuarina, eucalypts , ~
~ and Acacia albida and !. senegal are direct sown into tubes. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and quantities) used. 
The quantities of fertilizers and soil mixture are not the sarne for all 
soils, some of which are rich with a high humus content while others are 
poor and sandy or clayey. For Casuarina in sandy soil 1 kg of NPK 
fertilizer is used per m3 of soil. 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type). 

4.3.4 Briefly describe the standard savanna nursery protection measures (against 
pathogens, insects, animals, environmental elements). 
Protection methods aB&inst pathogens, insects and animals are almost always 
the same - knowledge of use of baits, anticoagulants and antiseptic products 
asainst rodents; inseoticides dieldrin and BHC asainst termites; erecting 
fences asa1nst animals; and fire proteotion and surveillance. 
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v. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 
5.1 Site selection 

5.1.1 Are detailed vegetation maps available for most savanna regions? 
Yes lXJ No .c::::J 

5.1.2 Are detailed soil maps and soil survey descriptions availa.ble for most 
savanna regions? Yes IT] No 0 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land c1earine; methods used. 
The principal land clearin~ method is manual and occasionally mechanicel. 
Agri-silviculture (taungya) is often praotised, with farmers A.idine 
in the land clearing, burning, planting, protection and weodinG. This 
method is generally used for planting teak and Gltlelina (with mountain 
rice) Anacardium (with millet) and Acacia albida (",ith millflt IUld e;round
nuts). 

5.2.2 Briefly describe the principal site preparation techniques used after land 
clearing in the savanna. 
Where rainfall is greater than 1100 mm, normal plantine holes are prepared. 
In drier regions, large holes and sub-soilinc are used. On dunes fertilizers 
are needed if the soil is poor. 

5.3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? Yes LK:7 No 1::7 
If so, indicate for which species:Anacardium occident.ale, teak and 
Gmelina 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 
teak: 2.5 x 2.5 m eucalypts: 3 x 3 m Anacardium: 10 x 10 m 
Gmelina: 2.5 x 2.5 m Acacia: 4 x 4 m 

5.3.3 Give the total number of hectares of plantations established to date in the 
SaV8.l1na by means of taungya.: 12 000 ha. 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weedine. weedine is usually 
manual and is required only once after the winter and ra.rely in the dry 
season. Watering every two days during the first dry season is not always 
done. 

5.4.2 If irrigation is used in plantations, give the area. irrifated of each species, 
the frequency of watering and the quantity of water applied. Irrigation is 
not used. 

5.5 Protection of savanna plantations 

Briefly describe protection measures against insects, pathogens and animals. 
Where means permit, firebreaks are maintained. Insecticides (BHe pO\.roer) are 
used; pesticides and anticoagulants are employed against rodents (especially 
the palm rat) and barbed-wire fences are erect?d to guard against animals. 

Is there a national fire danger rating system? 
Yes lfJ No 0 

5.5.3 Are fire breaks and fiDe lines allowed for at the time of savanna 
plantation establishment? Yes KJ No CJ 
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Ie controlled (i.e. prescribed 
plantations? Yea L::7 

or earlzl burning practiced 
No fXJ 

Around plantations? Yes 1::7 No KJ 
VI. SEED AND TREE I'MPBOVJ!X!!NT 

6.1 Is there a national tree seed coordinating centre? 

6.2 Is there a national tree seed certi~ication system? 

Yes £:::J 
Yes t:rJ 

Are there ~acilities for storing 
Yes c:::J No .£:j;J 

seed at controlled temperatures? 

in savanna 

No LKJ 
No CJ 

6.4 Indicate the main sources of seed supply for the principal savanna 
plantation species. Suf~icient supplies of teak, Casuarina, eucalypts and, 
after 1976 Gmelina, seed is available lccally. 

6.5 List the species beine tested in comparative trials in the savanna. Indicate 
in paretheses the number of provenances beine tested of each species. 
Eucalyptus camaldulensis (100 Australian sources) 
Melaleuca sp. (8 provenences) &mone which the best are from Casamance). 

VII. REFERENCE MATERIAL 

List the main published sources of information on afforestation and nurser~ 
practice in the savanna regions o~ your country. 
"L'arbre dans Ie paysage siiniiga.lais: sylviculture en zone tropicale sticha" 
by P.L. Gi~fard, CTFT, 1974. 
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Country: ;jUlJAN 

1.2 Location: longitude 22 E - 37 l'iL-1titude t1 - ;'2 II 

1.3 Population: 16 000 000 inhabitants 

1.4 ~~in climatic ann vegetative zones 

(i) Desert (ii) ::5emi-rlesert 

(iii) Low rainfall savanna (iv) Hie;h rHinffll1 
Savanna (v) l/,ontane veeetation (vi) r'lood reel-on 

FORESTS AND NATIONAL FORE:lT POLICY 

2.1 Area of high for~Bts ••••••• j •••••. •• k:ri 
Y ~ 

2.2 Area of savanna 4~5 000 kmc 

II 
2.3 Proportion of land under hieh forest ..... / ..... ~;'i in SRvann;.o 

2.4 ])oes the country have a written statement of nCltionaJ fore"t policy,' 

Yes KJ No 0 
2.4.1 If a national forest policy exists, what are the main obJectives stated in it':' 

1) To provide forest products to the population and to forest industrieA. To prote~t 
and conserve existing veeetation lind catclunent areas. 

2) To combat desert creep. 

2.4.2 If there is an official statement of forest policy for the savanna region, briefJy 
outline its main points. 

(i) Levying of royalties (11) to reserve 157;' of the areas as forests (iii) prohibit 
overgrazing, overfelling and fires (iv) openine of fire lines 

(v) Establishment of shelterbelts (2-47:.) in every aericultural scheme. 

2.5 Legislation available to implement policy Yes LK:7 No L::7 
2.6 Ownership of forests and savanna 

Under state oontrol 
Private ownership 
Community ownership 
No effective control 

High forests 
10CJ7~ 

3avanna 
lOO7~ 

1j For the purpose of this questionnaire, savanna is considered as including the full ranee 
of tropical vegetation types of which ~ is a significant characteristic. At one end 
of the spectrum, closed forest and thickets are excluded; at the other end, desert is 
excluded. Between these extremes, savanna comprises the various types of savanna woodland, 
savanna and steppe as decribed in Appendix 1 of Tree Planting Practices in African Savannas, 
FAO Forestry Development paper No.19, by M.V. Laurie, 1974. 
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Principal forest products from all regions (e.g. fuelwood, charcoal, sawlogs, gUITl, 
beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, pulpwood). 
Sawn timber, fuel wood, charcoal, gums, beeswax, hone~poles. 

2.8 Foresfry staff State others 
Professional 38 
Subprofessional 
(with diploma 
or certificate 
of training) 

211 

Gross annual budget for forestry 2,500.000 U~$ 

III. AFFORESTATlOO AND REFOR:&:3TATION GENERAL 

3.1 Areas 

3.1.1 Total net area !I of plantations at the end of 1974: 119735 ha. 

3.1.2 Net area !I of plantations in the savanna at the end of 1974: 100352 ha 

3.1.3 Planned annual target area of af/reforestation:lO,OOO ha/yr 

3.1.4 Planned annual planting rate in savanna~20,OOO ha/yr 

3.2 Organization and administration of savanna planting schemes 

3.2.1 State forest services 

3.2.2 Others (specify) 

100'fo 

% 
3.3 Intended principal end use (e.g. sawtimber, posts ar.d poles, pulpwood,fuelwood, prot~ction 

etc.), species, growth and rotation of major savanna plantations. 

End use 

Fuelwood 
Fuelwood 
Gum arabic 
Post+poles 
Sawn Timber 
Prot er.t ion 

Species Net area hall Rotation (yrs) 

A. nilotica 
A. mellifera :a. senegal 
Euc. spp. 
Tectona qandis 
Prosopis chilensis 

IV. SAVANNA NURSERY PRACTICE 

4.1 Nursery types and capacities 

29117 30 - 35 
1600 

36554 
9860 
9690 

25 - 30 
8 - 10 

80 

Mean annual increment 
(u. b.) at rotation age 

m3/11a/yr 

4.1.1 What is the total annual production capacity of existiing savanna nurseries? 
6 000 000 plants. 

4.1.2 What is the actual annual production (average from last 3 years) from permanent 
savanna nurseries? 2 586 251 plants 

Y Net area is the gross area of plantations minus the area in roads, rides, buildings and 
other non-stocked land. 
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4.1.3 What is the annual production (average from last 3 years) from temporary savanna 
nurseries? Plants. 

4.2 Pianting stock 

4.2.1 Indioate the main types of plantine stock (bare-rooted transplRnts, stumps, 
oontainer stook, etc.) re,ised for the principal so.VE'.nna plantation species. 

Species Type of stock 

A. senegal 
A. nilotioa 
Tectona grandis 
Eucalyptus sp. 

Container stor.k 

Stumps 
Container st or.k 

4.2.2 If containers are used, state type (polythene tubes or pots, "jiffy potEl", 
etc.) and give dimensions (lay flat for polythene). Polythene tubes 10 em 
x 20 cm. 

4.2.3 Give average size (height) of savanna outplanting stock and lenE;th of 
time (weeks) required to raise it in the nursery. 

Species Outplanting size Weeks in nursery 

fuc. spp. 30 0111 32 
Tectona grandis 8 cm 40 
A • senegal 20 CIII 40 

4.3 Savanna nursery methods 
4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed sowing, 

prioking out, direct sowing int 0 containers, etc.) Bed sowing is used for 
preparing teak stumps. Seedlings are transplanted directly after eermin~tion 
into raised beds 20 cm apart and after 40 weeks stumps are planted out. 
Eucalypt seeds are also sown into beds and then transplanted into tnbes. 
Other species are already sown into containers. 

4.3.2 Briefly describe the soil mixtures and fertilizers (and qUl'l.ntities) used. 
Soil mixture is prepared by mixing sand a.nd loamy soil in the retio of 2:1. 
Fertilizers are not eenerally used, sometimes farm yard manure is added if deemed 
necessary. 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If mechanical 
irrigation equipment is used, indioate type). 
Ij Spraying transplants once daily. 
2 Flooding once (1 - 5 days) 
3 Rain nurseries (mainly in the South) 

4.3.4 Briefly describe the standard Savanna nursery protection mea.sures (aCdinHt 
pathogens, insects, animals, environmental elements). 

1) Insecticides (e.g. Dieldrin)are useu against inaeets. 
2) Thorn, barbed wire enclosures are used aeainst anima18 
3) Shelterbelts are used in exposed areas. 

V. ESTABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

and rodents. 

5.1.1 Are detailed vegetation maps available for most savanna reeions! 
Yes [f;J No 0 
Are detailed soil maps and soil survey descriptions available for most 
savanna regions? Yes lD No 0 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
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(i) Mechanioal clearance ( in mechanised crop production Bchemes) followed 
by fire. 

(ii) Axe - felling. 

5.2.2 Briefly describe the principal site preparation techniques used after land 
clearing in the savanna. 

(i) Soil workine by plouehing. 
(11) Hidce and furrow. 

5.3 Savanna plantinG and direct seedinG 
5.3.1 Is direct seedine used in savanna? Yes f[J 

If so, indicate for which species: Acacia nilotica 

No 0 

5.3.2 Indicate the most (Jommon spacings at which the main saVanntl, plantation species 
art! planted. 2 m x :) m - Acaciot senecal: 4 m x 4 m - Acacia mellifera: 4 m x ~ m 

5.3.3 Give the total number of hectares of plantations established to elate in the 
savanna by means of tfJ.uneya: 40 000 ha. 

5.~ 'l'ending of savanna plantations 

5./).1 Briefly describe the method and frequency of weeainG' HRnd 'lf~edinG is usually 
carried out once in the first and second year. Another vleerline if need arises 
is carried out in the third ye;tr. 

5.4.2 If irrigation is used in plantlltions, Give the area irriCdted of' each species, 
the frequency of waterine and the quantity of wRter applied. 

Eucalypts jO 000 ha 
Frequency fortniGhtly 
Quantity 10000 cu.m./ha (approx.) 

5.5 Protection of savanna plantations 

Is there a nationa,l fire daneer ratinG syst.em? 
Yes 0 No [JJ 
Are fire breaks and fire lines allowed for at the tinle of savanni'L plantation 
establishment? Yes fK] No 0 
Is controlled (i.e. prescribed 
plantations':' Yes /I:J or er17) 

No 
burning practiced in RaVftnna 

Around plantations? Yes ~ No 0 
VI. SEElJ, AND TR1!:E IW'ROVEMENT 

6.1 Is there a national tree st:ed coordinating centre? Yes 0 No KJ 
6.2 Ie there a national tree seed certification system? Yes LX:? No L::7 
6.3 Are there facilities for storing seed at controlled temperatures? Yes L:K7 No 0 
6.4 Indicate the main sources of seed supply for the principal savanna plantation species. 

Locally eollected from mother trees. 

6.5 List the species being tested in comparative trials in the savanna. Indicate in paren
theses the number of provenances being tested of each species. 
i) t'ucalyPtus hybrid (J<lysore) 

ii) Acacia senegal (selected seeds from high yielding trees). 
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VII. REFERENCE MATERIAL 

List the main published sources of information on afforestation and nursery pra,r.tire 
in the savanna regions of your country. 

i) Badi, K.H. (1972) Afforestation in the clay plains of K2.fJA;'l,Ll province, POI'. 
new series No.13 

it) Booth, G.A. (155) Afforestation in Dueim RanC;e.'lhile Nile 3uue,n :::lilvi' Ih,.l. 

iii) Foggie, A. (1966) Forestry and forestry policy in the r.ezerfJ. area,FAO, ~,~l'AP 
Rep. Soudan Govt. 

iv) Khan, M.A.W. (1966) Improved methods and devices in nursery pr8r:tir.e, U~T[)P 
for Res. Ed pro Sudan 28. 

I. G~~ERAl, GBOGRAPHICAL INF'ORJ,;A'I'ION 

1.1 Area of country 56 000 km:? 

Country: TPGO 

1.2 Location: lonGitude 0 0 
- 104011.;; latitude aGC' - lloN 

1.3 Population: 2 000 000 inr~bitants 

1.L1 Main climatic and vegetative zones: a) GuiYlI'" C'limr;t.! in the south, ('()rrr,spon,lir,{,; 
to relatively dense tree flavanna vlith some foreRt rr:'lirR; b) ..>udan (limrdp ir' U1P 

north, with tree and shruh sava.nna, savanna \voorlllcncls E1n(; steppes; c) l·,qu,.,tcri'tl 
climate in mountainous reeions, .,ith dry, QPnfle for')st formations and ",nnt,me tr',!,: 

savanna. 

II. roR~TS AND NATIONAL F'ORL;;3T POLICY 

2.1 Area of hieh forests 1 6[\0 lOll2 

2.2 Area of savanna Y n 280 lcm2 

Proportion of land under hieh forest 3'i'; in snVRnna Y y}),. 

D08s the country have a written stat.emp.!lt of n3ti'mal f()r(-st po] i(~y:' 
Yes KJ No 0 
<'.4.1 If a national forest policy exists, wh"t H,re t.he nJ[',in olJy~c1,iv'~s ';tatf"d 

in it? Immediate objectives: Fielculate the :flow (,f 1'uelw(lod :j 11 (; c(mFr"l 
utility wood from the I!l(tin supply centres; Jhort to.rrn obJtwtives(lO - 1;> 
years): a) establish plantations of fast-growing !-'peeiE's; h) ITl'waC'" Rnd 
exploit some forest blocks in order t.o rEOduce imports; j.,p(iium ,end le,n!. t.urnl 
objectives: supply wood from pl,,>,ntcltinn8 to proC'essin,:', il1c.1H1trier. lJen"ricLJ 
to the country. 

C'.t1.2 If there is an official statem'3nt of for~~t policy fnr the W;tV8.1111h, rHt:inll, 
briefly outline its main pointH. 'I'f"le abpvF' <'utlined poliC',Y is impleHl~'nt"'(i 

on 80%· of the savanna a.rea with an annual rH,ini'all of l(lOCI-'~OC InITl. 1)1 thfl 
north, in ere,ss savanna and in denuded zones, the policy is still und"r stud,l'. 

2.5 Legislation available to implement poli~y No 0 

~ the purpose of this questionnaire, 8av~nna is considered as includine the full range of 
tropical vegetation types of which ~ is a significant characteristic. At one end of the 
spectrum, closed forest and thickets are excluded; at the other end, desert is excluded. 
Between these .extremes, savanna comprises the various types of savanna woodland, save,nna 
and steppe as described in Appendix 1 of Tree Planting Practices in African Savannas, 
FAO Forestry Development Paper No.19, by 1'1.V. Laurie, 1974. 
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2.6 Ownership of forests and savanna 

Ownership of the 430 000 ha of officially classified forests in the savanna 
and high forest regions is not yet determined. 

2.7 Principal forest products from all regions (e.g. fuel wood, charcoal, sawlogs, 
gum, beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, 
pulpwood). Fuel wood , sawtimber, sleepers, posts, piling, gum, besswax and honey. 

2.8 Forestry staff 
Professional 

Sub-professional (with diploma or 
certificate of training) 

2.9 GrOBS annual budCet for forestry 

III. AFFORE3TATION AND REFORE3TATION I GUHRAL 

U;3$ 

State 
11 

42 

3.1 Areas 
Total net area lIof plantations 3.1.1 at the end of 1974: 
Net area lIof plantations in the savanna at the enD 3.1.2 

3.1.3 Planned annual target area of af/reforestation:l 000 

3.1.4 Planned annual planting rate in savanna:600 ha/year 

others 

5 500 ha 

of 197L1: 4500 ha 

ha/yr 

3.2 Organization and administration of savanna plantine schemes 

3.2.1 state forest services 100 ~~ 

3.2.2 Others (specify). Private plantations are rare. 

Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, fuelwood, 
protection, etc.) species, growth and rotation of maJor savanna plantations. 

End use Species Net area eha)lI Rotation(Yrs) 

Nean annual 
increment (u.b.) 
at rotati(1n ace 
(m3/Ha/yr) 

firewood 

general utility 

sawtimber 

eucalypts 

teak 

Terminalia 

CeclrFlla 

300 lO-lc 

700 

veneer 

IV. .:JAVANNA NUR;31~Y PRJ;.{;TIC1~ 

4.1 Nursery types and capacities 

4.1.1 What ia the total annual p!'oduetion cnpacity of existinC' permanent savnln1;l, 
nurseries? 1 500 000 plants 

4.1.<' What is the actual annunl production (average from Ie,at 3 years) from 
permanent savanna nurseries? 500 000 pL'mts. 

4.1.3 i/ha,t is the annual production (averaGe from last 2> years) from temporary 
savanno. nurseries? 500 000 plants 

-11 Net area is the gross area of plantations minuB the area in roads, rides, buildings 
and other non-stocked land. 
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4.2 Planting stock 

4.2.1 Indicate the main types of planting stock (hare-rooted tl'flnspln.nts, 
stumpe, container stock, ·;!tc.) raisAd for th!::' prindpal SIw€.nna 
plantation species. 

::ipecies TYpe of sto{'k 

eucalypts polythem' pot3 
teak stumps 
Gmelina stumps 
Cedrela stumps 

4.2.2 If containers are used, stat~> typ<? (polyth'll"'t> tllbes or p"ts, 
"jiffy pots", etc.) and eivp dilllerisions (lc"Y fJ,li 1'or ro1,:rth(!l"'E'). 
Polythene pots: 25 em Ion.";, 8 - 10 elT1 cli".llIeter 

4.2.3 Give average SiZfl (heif.';ht) nf savan)"\<' outplaJltjn~: FJio(:k [In!; J01t;,th 
of time (weeks) required to raiGe it in tllp llUrflH!'Y. 

Species 

eucalypts 
cedrela 
Gmelina 

()utplcUliint.: ni7.8 

4.3 Savanna nursery methods 

C.5 - 5 cm* 
5 -10 eT!I* 

5 -. 10 emil' 

};' 

?(i 

;:C' 

- 15 
.. , ~4 

- ~4 

4.3.1 Briefly describe the sowinG nl!'lthods useli in saVELnna nurGeriAu (b.~tl 
sowing, priC'king out, direct flo~dnc; into (:0tlt'l.iners, <d;~.) 
Sowing is into plastic or galvanised frames of ; nO(1 nrr:" are;, Sf!erJ
beds, or for teak stumps into preparAcl ripen boclS. Priekinr:-out iH (Jone 
into polythene pots or beds. 

4.3.2 Briefly describe the soil mixtures and fertilisera (,md quantitieA) 
used: Soil mixture is composed of 5V,i. fluvial santi anu. 5~, eHr"!, h or 
sifted humus. Fertilisers are not used. 

4.3.3 Briefly describe save.nna nnrsp.ry waterine methods Elnd schouulps (If 
mechanical irrigation equipment is used, indicate type): li'rl1med bedE! 
are mist irrigated; watering r.ans ore usp-o for 0ther beUs. 

4.3.4 Briefly describe the standa.rd sll.varma nursery protection meafltU'eR (e'e"'cdnst 
pat hogans, insect s, anima.l s, environmental el ament s), 1<'or eucf1.1ypt B, the 
soil/sand mixture is steam sterilised on metal sheets and sifted. 

V. ESTABLISHMhllT TEX:HNlQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

Are detailed vegetation maps available for most savanna reeions? 
Yes 0 No fKJ 

5.1.2 Are detailed soil maps and soil survey 
most savanna regions? Yes LK:7 

5.2 Land clearing and site preparation 

~ricking-out size 

descrjPt/ons available for 
No 
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Briefly describe the main savanna land clearing methods used. 
a) Manual olearing by eliminating understorey plants and the 

herbaceous cover followed by windrowing; b) Mechanical 
clearing using crawler tractors with or without windrowing. 
Note: Charcoaling is practised in some areas in conjunction 
W1thclearing 

Briefly describe the principal site preparation techniques used after land 
clearing in the savanna: Some mechanically cleared areas to be planted 
are worked with a heavy plough (Rome) pulled by a n-6 tractorj others 
are turned with a, Massey-Ferguson and a 3-disc plough; while on lands 
to be planted by local people, traditional methods of cultivation are 
used. 

5.3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? 
If so, indicate for which species. 

Yes 0 No KJ 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
species are planted. 

5.303 Give the total number of hectares of plantatinns established to 
date in the savanna by meMS of taunera: about 5 000 11a 

5.4 Tending of savanna pI ant at ions 

5.4.1 Briefly describe the method and frequency of weedine: a) Clean weedinc 
manually by hoe and machete twice a year for the first two years followinG 
establishment; b) 1I1echanical clean weedine with a rotavatoI' twice a yef),r 
in some stands. 

5.4.2 If irrigation is used in plantations, eive the area irrigated of each 
species, the frequency of watering and the quantity of water applied. 

None 

5.5 Protection of savanna plantations 

Briefly describe protection measures ag'd.inst insect~, pathoeeno ann. 
animals: }Jone 

Is there a national fire danger system? Yes CJ No aJ 
Are fire breaks and fire lines allowed for at the time of savanna 
plantation establishment? Yes KJ No 0 
Is controlled (i.e. 
plantations? 
Around plantations? 

prescribed or early) burning practiced in savarma 
Yes 0 No ru 
Yes z:R7 No z==7 

VI • 3~ED AND TREl<j nlPROV~!Em 

6.1 Is there a national tree seed coordina.tine centr") '!' Yes KJ 
6.2 Is there a national tree seed certification system? Yes L!:7 
6.3 Are there facilities for storine seed at controlled temperatures? 

Yes fIJ No 0 

No CJ 
No 0 

6.4 Indicate the Min sources of seed supply for the principal Ravanna. 
plantation species. Ghana, Nieeria, Venezuela, Franoe, costa Rica, 
Australia and local stands. 
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6.5 List the species being tested in comparative trials in the savanna. 
Indioate in parentheses the number of provenanoes being tested of each 
species. 

Afzelia afrioana 
Anogeissus' leiooarpuB 
AnthooephaluB cadamba 
Araucaria cunninghamii 
Azadiraohta indica 
Callitris intratropica 
Calophyllum sp. 
Casuarina equisetifolia 

Cedrela odorata E.citriodora 
Ceiba pentandra E. ferruginea 
Cordia alliodora g. grandis 
Dal bergia sp. g. microtheca 
~ythrophleum guineense E. nesophila 
Eucalyptus alba E. robusta 
E. brassii ~. tereticornis 
~. camaldulensis E. torelliana 

Khaya grendifoliola 
K. senegaleneis 
PterocarpuB aneolensiB 
Sterculia foetida 
Tectona grandis 
Triplochiton sclercxylon 

VII • REFERmCE MATERIAL 

List the main published sources of information on afforestation anu nursery 
practice in the savanna regions of your country. 

Country: UGAlHlA 

1.1 i.rea (,f' cOlmtry ;'35 [1.90 1<JlI' 

].(' Location: loneitmle ~'9°301 - 35°0 1cttitudo, 1(>3(11 

].3 Popuh·.tirm: 1(\ willion inlli-\.bit:'\,nts 

1.1; I.lain climptic and vee;etative zon(;s: (]) <:lr,rl<"i f()r(~st (,) i)pel'l frI'or;t and 
crass land (3) C)teppe f-JDrl [,I'psslHnd. 'l'ropicel climfltt) Hith: I'l,,,ks pE',1.t"rn 
r:-l.infa11 April/May and Octnher/IJov"JIIber. 

II. POR:';ST0 AN}) NA'l'IONAL Jt'OH1~d'I' POI,ICY 

~: .1 Area of hie;h forests 

2.::-' Area nf saVfJnna }} 

;:..3 Proportion of land 

6 93 
'1,173 

under 

kmL 

k:m2 

hiGh fartest ,;l~',; in flav.a.nna 1l 1,';"1" 

2.4 Hoes the country have a written statement of naticmo.l i'orest policy'i' Y!'>B fI} r·;c D 
2.£1.1 If a national forest policy exist.s, I-Jho,t cl,re th" mFt.in "l)j(~()tj.ves stat.eel in 

it:' (1) To reserve adequat~ land HS for'~st estate so as to ensure a) h 

sustained production of timber Cl,TH:l other forest products for the neerl~c' of the 
country and export, b) Protection of water cntchmAntG, soil, ",ildlif0. <mel ' 
amenity of land, (<') '1'0 develop that estate so as to obt"in n,aximum economic 
returns to the country; (3) '1'0 ensure efficient conversion of hT00d "nd 1'lOod 
products so as to reduce wasteJ (~) Help people and or[,C'.nic>ations to E..,TO'J ,nti 
protect their own trees, 5) J·;ducation of the public to t.hE- role of forestry 
and for@st industrip.s. 

?4.2 If there is an official statement of forest policy for the savanna ree';ion, 
briefly out line its main point s. Not offi dally stat ed but underst Dod to be 

(1) Establishment of forest plantations,both sof~woods and eucalYllts, for 
building poles and fuel. (2) ItS in (1) above, i.e. protf-lction soil, wildlife 
and amenity of land. 

2.5 Legislation available to implement policy Yes L!:7 No L::7 

11 For the purpose of this questionnaire, savruma is consill-erea as includin[; the full range 
of tropical vegetation types of which ~ is a significant charaderistic. At one end 
of the spectrum, closed f~rest and thickets are excluded; at th8 other end, desert is 
exoluded. Between these extremes, savanna comprises the various types of savanna woodland 1 

savanna and steppe as described in Appendix 1 of Tree Plantine Practices in African 
Savannas, FAO Forestry Development Paper No.19, by M.V. Laurie~ 1974. 



2.6 0...111, of t ..... ad ........ 
Under .tate oontrol 
Private ownership 
Community ownership 
No effective control 
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2.7 Principal toreat products trom all regions (e.g. fUel wood , charooal, sawloga,gum, 
beeswax and honey, veneer1ogs, logs for s~eepers, poles, piline and posts, pulpwood). 
Fuelwood 185 000 m3, Particleboard 5 584 m, charcoal 600 000 m3, plywood and block
board 635 rr7-, sawlogs 175 000 m3, poles 32 500 mj. 

2.8 Forestry staff 
Professional 

state 
43 

others 

Subprofessional (with diploma or 
certificate of treininc) 

2.9 Gross annual budget for forestry 

III. AFF'ClU~TATION AND REFORE!3TATlot~, G~hRAL 

3.1 Areas 

2 000 000 U~$ 

3.1.1 Total net area 1/ of plantations at the end of 1974: ~5 000 ha 

3.1.2 Net area)} of plantations in the savanna. at the end of 197": 35 000 ha 

3.1.3 Planned annual target area of af/reforestation: 3 SOC hE/year 

3.1.4 Planned annual planting rate in savanna:2 000 ha/year 

3.2 Organization and administration of savanna plantine schemes 

3.2.1 State forest services 

3.2.2 others (specify) Tobacco Society Woodfuel Plantations 

Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, fuel wood 
protection, etc.), species, growth and rotation of major savanna plantations. 

End use Species 

Sawtimber Cupressus lusitanica 

" Pinus patula 

" P. caribaea/oocarpa 

Post+poles EIlc. ce.maldulensis 
" tereticornis 
" grandis 

Pulpwood p.caribaea, P. sp. 
Fuelwood Euc.camaldulensis 

" tereticornis 
" grandis 

Protection others 

Net area (ha)ll Rotation(Yrs) 

20-25 

~:0-25 

20-25 

5-14 
]5 

11-8 

Unlimited 

r.:ean annual 
increment(u.b.) 
at rotation ace 

(m3/hafyr) 

i7 Net area is the grOBS area of plantations minus the area in roads, rides, buildings 
and other non-stocked land. 
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IV. SAVANNA NURSmy PRACTI(;E 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existine permallent savarma 
. nurseries? 20 000 000 plants. 

4.1.2 What is the actual annual production (average from last 3 years) from 
permanent savanna nurseries? ]5 000,000 plants. 

4.1.3 What is the annual production (average from last 3 years) from temporary 
savanna nurseries? 1 500 000 plants. 

4.2 Planting stock 

403 

4.2.1 Indicate the lJJ<lin types of ph'ntine stock (uare-rooted transplants, stumps, 
container stock, etc.) r2.ised for the principa.l savanna plantation Hpecies. 

Species 

P. caribaea 
P. patula 
P. oocarpa 
Cup. lusitanica 
Buc. camaldulensis) 
~uc. tereticornis ) 
Euc. erandi s 

Type of t3t ock 

Contninflr stoC'k 

" 
" 
" 
" 
" 

4.2.2 If containers are used, state type (polythene tubes or pots, "jiffy PClts", 
etc.) and give dimensions (lay flEtt for pclythpne). 
Polythene tubes end mill pots ~"18Y flat "lIld 7" fnr ornament2.1s 

4.2.3 Give average size (height) of sava.nna outp1antine stock an9. Jeneth of 
time (weekS) required to raisu it in the nursery. 

SpeCies Outp1antin~ sizl'! l-leeks in nurser.z 

Cypressus spp. 1 ft (30 cm) 36 vleeks 
Pine spp. 1 ft (30 em) 16 - 20 1"leeks 

Savanna nursery methods 

4.3.1 Briefly describe the sowing methods used in savanna nurseries (bed SOWing, 
priCking out, direct sowing into containers, etc.). 

1) The seed is sown by broadcasting after mixine with sand and pricked out in 
containers when 0.'5 - 1 em tall. This is both in sOft ... 100ds and eucalypts. 

2) lilian containers are not available prickine out is done into :3waziland beds 
or boxes. 

4.3.2 Briefly describe the Boil mixtures and fertilizers (and quantities) used: 
Soil mixtures vary site to site but normally forest or black soil toeeth~r 
with cow manure are u~ed. l·'ertilizer is mixed thus: 1 50U gms/m3 of soil 
in heaps and 100 ems/m for top dressine. 

4.3.3 Briefly describe sa.vanna nursery waterine methods and schedules (If 
mechanical irrigation equipment is used, indicate type) : 1) ~lateriIlC c.e.ns 
are used at least twice da.ily, morning' and evenine. 2) Overhead irric;ation 
water-pumped by hand pumps. . 

Briefly describe the standard savanna nursery protection mea.sures (against 
pathogens, insects, ani~~ls, ~nvironmental elements), 1) 0praying and 
soil pre-treatment with funeicide~ and insecticides, 2) Clearine around 
nurseries discourages rats, 3) Ditch drCl.ins prevents floods 8.nd washout, 
4) Fencing prevents laree animals from walkine; over plants. 
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E3TABLISHMEm' TEX)HNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

Are detailed vegetation maps available for most savanna reeions? 
Yes D No!iJ 

Are detailed soil maps and soil survey desc/iPjiOnS available for 
most savanna regions? Yes KJ No 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 

2
1) Manual cutting of trees and grass slashing is followed by burnin~, 

) Peasant farmers may be allowed to clear the bush and cultivate 
before planting, 

3) Poisoning of large trees with aboricide in more open erassle,nd. 

5.2.2 Briefly describe the principal site preparation techniques used after 
land clearing in the savanna: (1) Linine; out using a pre-marked rope at 
planting spacing intervals and pegging, 2)Pitting using hoes anti 

marked pits ready for planting. 
5.3 ~avanna planting and diroct seeding 

5.3.1 Is direct seeding used in savanna 
If so, indicate for which species. 

YesD No !fJ 

5.3.2 Indicate the most common spacines at which the main savanna 
plantation species are planted. 
For Eucalyptus - 1.8m by 1.8m, 2.lm by 2.1m and 2.4m by 2.4 m have 
been tried, but 2.1m by 2.1 m now predominates. For cypressus and 
pines 2.7m by 2.7 m is used. 

5.303 Give th'i! total number of hectares of plantations estaulished to 
date in the savanna by means of taungya. 

5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding: In firGt rotation eucdypt 
plantations,weeding is done 4 times the first year,twice the second y':"ar by c]l>,'Il 

hoeing,and once in the third year by slushing.Afrer felline only one line slnshiTl[; 
is needed. In cypress and pine plantations,lin0 s.lashinc; is done twice thf: fi:rE:t 
year and once the second year. 

5.4.2 If irrigation is used in plantations, give the area irrigated of each sp'3cies 
the frequency of watering and the quantity of \oater applied. 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures aeninst insects,pflthoc:;ens and 
aninlals: 1) Insecticide treatInE:!nt of plants before planting to control 
termite attack as well a8 funeus. L') Clean weedine protects yount, trees 
from rat att ack. 

5.5.~' Ie there a national fire dancer rating system'; Yes 0 IJo flJ 
5.503 Are fire breaks and fire lines allowed for at the tinlf' ()f saVHnnfl 

plantetion establishment? Yes JX:J No 0 
Is controlled (i.e. ~scribed 
plantations? Yes I1-J IJo 
Around plantations? Yes LK:7 

or early) burninc' pruct iced in SFlVurlll" o 
No 0 
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VI. SEED AND TREE IMPR~ 

6.1 Is there a national tree seed coordinating centre 

6.2 Is there a national tree seed certifiaation system? 

6.3 Are there faoilities for storing seed at controlled 
Yes!KJ No 0 

Yee Kl 
Yes iX:J 

temperatures? 

NoD 

NoD 

6.4 Indicate the main source of seed supply for the principal savanna plantation species. 
1) For cypressus and pines most of the seed is imported mainly from Central America 

and the Caribbeans. 2) For l!;uca1yptus most of the seed used in our pla,ntations 
is collected locally from chosen seed stands. 

6.5 List the species being tested in comparative trials in ,the savanna. Indicate in 
parentheses the number or provenances being tested of each species. 
Pinus patula (3), Cupressus 1usitanica (2), Pinus caribaea, (2), Pinus oocarpe 
~- - --- ----

VII. REFlllU!:NCE MATERIAL 

List the main published sources of information on afforestation and nursery practice 
in the savanna reGions of your country. (1) Uganda Forest Department Technical ~oteB 
nos. 78/59, 135/67, 138/67, 139/67, 144/67, 145/67, 146/67, 159/69, 179/71, 181/71, 
183/72,etc. (2) A Forest Resources Development Study Report by eIDA. (3) U~lda 
Forest Department Annual Reports. (4) Uganda Forest Departmental ~tanding Order~ 
revised Edition 1970. (5) Forests and Forest Administration of Uganda 1961. 



I. Ol!m!2AL OlCOORAPlnCAL INFORKATICIi 

1.1 Area of oountry 752 613 km2 

Countrys ZAJiIBIA 

1.2 Location: longitude 22~ to 34~Jlatitude 80 s to 18°S 

1.3 Populations 41 million inhabitants 

1.4 Main climatic and vegetative zoness Tropical savanna. 

II. lI'ORDlTS AND NATICIUL FOREST POLICY 

Area of high forests Nil 

Area of savanna II 600 000 lan2 

Proportion of land under high forests Nil; in savanna II 8CJ% 
Does the oountry have a written statement of national policy? 

Yes ID No CJ 
2.4.1 If a national forest policy exists, what are the main objectives stated in it? 

!
&j Protection of forested areas and watersheds 
b Provide forest produce for industry and rural users 
c Researoh into indigenous and plantation wood 
d Extension work and advice to public 
e Training of staff 

2.4.2 If there is an offioial statement of forest polioy for the savanna 
region, briefly outline its main points, No separate polioy exoept 
"early burning". 

2.5 Leg181ation available to implement polioy Yes ID No CJ 
2.6 OwnerShip of forests and savanna 

Under state control 
Private ownership 
Community ownership 
No effeotive control 

High forests 

Nil 
Nil 
Nil 
Nil 

Savanna 

!I For the purpose of this questionnaire, savanna is considered as including the full range 
of tropioal vegetation types of whioh ~ is a Significant characteristic. At one end 
of the spectrum, closed forest and thicke1B are excluded; at the other end..,_desert is ex
oluded. Between these extremes, savanna oomprises the various types of savanna woodland, 
savanna and steppe as desoribed in Appendix 1 of Tree Planting Practioes in African 
Savannas, FAO Forestry Development Paper No.19, by M.V. Laurie, 1974. 
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2.1 Prinoipal forest produots from all regions (e.e. fUelwood, charcoal, sawlogs, 
gum, beeswax and honey, veneerlogs, logs for sleepers, poles, piling and posts, 
pulpwood), Sawlogs,Bleepe~poles,fuelwood, charcoal, honey, beeswax. 

2.8 Forestry staff State Others 
professi onal 44 17 
Subprofessional (with diploma or 

certificate of training) 222 336 

2.9 Gross annual budget for forestry 7 543 740 US! (iU1 804 930) 

III. AFFOR&3TATION AND REFORC3TATION I GENERAL 

End use 

Sawlogs 
Sawlogs 
Poles 
Poles 
Poles 

Total net area lIof plantations at the end of 197~ 24 900 ha 

Net area lIof plantations in the savanna at the "end of 1974: 24 900 ha 

3.1.3 Planned annual target area of af/reforestation:3 30C ha/year 

3.1.4 Planned annual planting rate in savanna: 3 300 ba/year 

Organization and administration of savanna planting schemes 

3.2.1 State forest services 9~,: 

3.2.2 Others (specify) : Agricultural scheme 

Intended principal end use (e.g. sawtimber, posts and poles, pulpwood, 
fuelwood, protection, etc.), species, growth and rotation of major savanna 
plantations 

Species 

P. kesiya. 
P. oocarpa 
E. grandis 
E. cloeziana 

others 

Net area (ba)lI 

13 000 
2 100 
6 000 
1 900 
1 900 

Rotation Lyrs) 

30 
30 
8 

10 
various 

Mean annual 
increment (u.b.) 
at 3rotation age 
(m !hafy-d 

15 
15 
12 
11 

IV. SAV ANNA NURS~Y PRACTICE 

4.1 Nursery types and capacities 

4.1.1 What is the total annual production capacity of existing permanent 
savanna nurseries'? 4 million plants 

4.1.2 What is the actual annual production (average from last 3 years) 
from permanent savanna nurseries? 3 million plants 

4.1.3 What is the annual production (average from last 3 years) from 
temporary savanna nurseries? Nil 

4.2 Planting stook 

4.2.1 Indicate the main types of planting stock (bare-rooted tranSplants 
stumps, container stock, etc.) raised for the principal savanna 
plantation speoies. 

Species 
Pinus kesiya. 
Pinus oooarpa 
Euoalyptus cloeziana 
Euoalyptus grandis 

Type of st ock 
Polyt hene tubes 

" " 
" " 
" " 

ITN'et area is the grOBS area of plantations minus the area in roads, rides, buildings 
and other' non-stOlJked land. 
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If oontainers are u8ed, state type (polythene tubes or pots, "jif'f'y 
eto.) and give dimensions (lay flat f'or polythene), Blaok polythene 
12 cm x 10 cm. 

Give average size (height) of' savanna outplanting stock and length 
,r time (weeks) required to raise it in the nursery. 

pots" , 
tubes 

Species Outplanting size Weeks in nursery 

Pines 20 om 
Eucalyptus 15 cm 

4.3 Savanna nursery methods 

16 weeks 
8 weeks 

4.3.1 Briefly describe the sowing methods used in savanna nuseries (bed 
sowing, pricking out, direct sowing into containers,etc.): Pines, 
direct sowing. Eucalyptus, seed beds and pricking out. 

4.3.2 Briefly describe the soil mixture and fertilizers (and quantities) 
used: top soil collected in woodland, fertilised with "Welgro" or 
"Wuseal" 

4.3.3 Briefly describe savanna nursery watering methods and schedules (If 
mechanical irrigation equipment is used, indicate type), Spray 
irrigated by perforated pipes or "rainbirds". 

4.3.4 Briefly describe the standard savanna nursery protection measures 
(against pathogens, insects, animals, environmental elements). 
Watering with Zineb fungicide. Treatment of potting soil with 
methyl bromide watering of IW.calyptus with Aldrin as insurance 
against termites in the field. 

V. E5TABLISHMENT TECHNIQUES FOR SAVANNA PLANTATIONS 

5.1 Site selection 

5.1.1 Are detailed 
Yes 1i:J 

5.1.2 Are detailed 
most savanna 

vegetation maps available for most savanna regions? 
NoD 
soil maps and soil survey descriptions available for 
regions? Yes 0 No /KJ 

5.2 Land clearing and site preparation 

5.2.1 Briefly describe the main savanna land clearing methods used. 
Large areas cleared mechanically by contractors. Small rural areas 
stumped by hand. 

5.2.2 Briefly desoribe the principal site preparation techniques used after 
land clearing in the savanna: Ploughing and disc-harrowing. 

5.3 Savanna planting and direct seeding 

5.3.1 Is direct seeding used in savanna? Yes 0 No CJ 
If so, indicate for which species. 

5.3.2 Indicate the most common spacings at which the main savanna plantation 
speoies are planted: Pines and Eucalyptus - 1 000 per hectare. 

5.3.3 Give the total number of hectares of plantations established to 
date in the savanna by means of taungya: Nil 
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5.4 Tending of savanna plantations 

5.4.1 Briefly describe the method and frequency of weeding: Disc harrow 
between rows, in both directions. First year 6 times; for all 
species: second year twice for EucalYptus and 4 times for pines; 
third year twice for pines. 

5.4.2 If irrigation is used in plantations, give the area irriGated of 
each species, the frequency of watering and the quantity of water 
applied: Not used. 

5.5 Protection of savanna plantations 

5.5.1 Briefly describe protection measures against insects, path0gens 
and animals: None in the plantation. 

5.5.2 Is there a national fire dangp-r rating system? 
Yes 0 No LX! 

5.5.3 Are fire breaks and fire lines allowed for at the time of savanna 
plantation 8.tablishment? Yes iD No 0 

5.5.4 Is controlled (i.e. prescribed or 
savanna plantations? Yes LK:7 

ee,rly) burning 
No CJ 

practiced in 

Around plantations? Yes iD No CJ 
VI • SEED AND TREE IMPROVEMENT 

6.1 Is there a national tree seed coordinating centre? Yes iKJ No 0 
6.2 Is there a national tree seed certification system? Yes iD NoO 
6.3 Are there facilities for storing seed at ('ontrolled temperatures'? 

Yes KJ No CJ 
6.4 Indicate the main sources of seed supply for the principal savanna plantation 

species: Locally 0011ected from selected stands and Beed orchards. 

List the 
Indicate 
species, 
from the 

species being tested in comparative trials in the sa,vann<t. 
in parentheses the number o:f provenanr,es beine tested of each 
All the tropical pines have been tried and all tho t<;ucaly-ptus 

East Goast of Australia. 

VII. REFERENCE MATERIAL 

List the main published sources of information on e:fforestation and nursery 
practice in the savanna regions of your country: 1.:ethods developed locally 
by Forest Department. 
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INTRCIDUCTICII' 

The People'. RepIlb 11 0 of the Congo, whi oh li e. in C.nt ral Uri oa betw.en 11 09 ' 41" and 
18040" Ea.t lonsi:tude and betw.en 3042' 30" North and 5 02' 3" South latitude h 342 000 1aD2 
in .i.e. Fore.t. in the Congo oocupy ohoice land, oovering a little ov.r 60% of the total 
area. The re.t of the oountry i. savanna, oompri.ing .om. 137 000 laD2 of relatively flat, 
unbrok.n laDd. 

Three type. of II&vanna are ullU&lly distingui.hed, namelyz 

bar.n .avanna 
bush II&vanna 
and sall.ry fore.ts. 

Becau.e of th ••• exoeptional natural oonditions, Congo foresters have for both 
.oonomio aDd .oi.ntifio rea80n. b.en drawn to work largely on savanna. 

BACICG ROOND - FVRPOOES 

Trial affore.tation of .avanna. in the Congo dat.s back to 1950. Initially, tria18 
w.re .tart.d with local .peoi.s. The firet man-made stands w.re laid out in a.800iation 
with food orop. (maiz., grouncbm.t. /;eanu.ti/) u.ing mainly 'limba' (T.rminalia sup.rba) 
teale, wa pentandra, the 'iroko' [".Q.hlorophora .xo.l ... ), and Ca.sia siam ... 

Lat.r on, re.earch and studi •• w.re devoted mainly to the introduction, aoolimatization 
and growing of .xotic, fa.t-growing 8peci.s - in 1953, eucalypts (Eucalyptu. saligna, 
E. robu.ta, E. alba, E. panioulata and E. oamaldul.n8iB, E. 12 ABL and E. t.retioorni.) and 
toward 1959 , -pin. (Pinu. oari baea and f.7 oocarpa). - -

The.e plantation operations w.re launched initially and Simultaneously at the fore.t 
re.earoh station. of Loandjili (Point.-Noire) and Loudima (Bou.nza) and .ubs.qu.ntly at 
the laD 45 .tation (Brazzavill.) and at Malolo (Niari). 

Th. original purpo... were: 

to provide timb.r and fuelwood to the inhabitants of the large urban c.ntres of 
Pointe-Boire, Louboao (Dolisie) and Nkayi (Jacob); 

to supply the Congo-OC.an railway (CFCO) with fuelwood (this Un. having u.ed st.am 
.ngine. b.fore its oompl.t. changeov.r to di.s.l engin.s); and 

to supply pulpwood for a pulp and paper industry to be 8.t up. 

ECOLOGICAL CONDITIONS 

Soil. and V.getation 

Trial. were oonduoted on three typ •• of .avannaz 

- ooa.tal II&vanna on -ndJr shore. in the Kouilou area with poor, d.ep and highly 
filtering .oil oontaining 5 to ~ olay and oov.red with short gra •••• and Annona 
arenaria; 

- olayey 1I&vanD& in the Niari and Bou.nza vall.y, cov.red with .hrub vegetation 
(lb!enooardia aoida, Annona arenaria, BrideUa f.rruginea, "ucl.a .scul.nta), 
oriS8-Cro •• ed Wi"i'ilpllery forests. The .oils are claya, resulting froll decaloifi
cation, rather poor in exohangeable base. aDd somewhat ao1d (pHI 4.7 to 5) but of 
1004 .truoture from the start; 
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- N.IId,y aavamsa of the Pool and. the Bat". plateau rect.OIl, .paNely oovered. with 
DNb. aDd. ill .pot. with 4egrad.ed. ... lle17 fON.t., the .0U. are poor aaad.. 
oonta1rdag a little orpn1o -.tter, and. are hilhly filtering. 

Oli-.te 

The tropical cliJate 18 characterised b;r 1I0derate rainfall (froll 1 200 to 1 700 _), 
though with great fluotuatiol18 from one ;r ... r to the next, and high atIDoapheric huaaidi ty 
that doe. not ohanp JUoh over the y ... r. The raiJ'ly ..... on l'W18 froll Ootober to JIay, with 
Dort dry ..... 0118 of one IIOnth between 15 Dec_ber and 1 llaroh. The dry 8ea.on i. well 
_med and. la.t. for four .olrtha, froll June to Septellber. A.~l th18 tille there ia no rain. 
The averas- aDDll&l temperature ranp. fro. 240 0 to 260 c (24.9"C in 1913 at Point_Noire). 

Table of Cli_tic Data 

Loandjil1 ICm Roup 
t913 Lou,4i1D& ( Point~oire) ( Brazzaville) 

Latitude 40 1' 40 415' 4°49' 

.n ti tude (elevationl 1~0 II 80 II 100 II 

Total amual rainfall 1 150 DID 1 318 mID 1 313 mID 

J'1IIIber of raimr_ cla.va 96 12~ 120 
A.verap II&XiIUlD teaperature of 
the hott •• t month 21.00 A.l)ril 26.90 Jlaroh 26.40 Karoh 
A.veras- llird_ temperature of 
the colde.t aonth 22.cfJulY 21.7° JulY 21.6° July 

Relief 

The topography i. rather flat on all three type. of aavamJIL where the fore.t .tationa 
are locatedl ... ~ 

Loandjili. coa.tal BaV&DD& at 100 II elevation, 
Lou4iIl&' aavazma in the Niari valley at 150 II elevation, 
and IJa RouPI aavazma of the BatQ:I. Plateau at 700 11 elevation. 

JlI'FORll5TJ.TICIl Iml'HODS USEDIOR mCAtrPTS 

Specie. of :&lcalnh U.ed 

"cal:rptu. 12 .ABL 

Thi. i. a particularly exoellent provenanoe derived froID :&loalyptu. tereticornia 
introdllce4 in 1956 with .eed from .dap.oar. Thi •• pech. covers over 3 500 ha at Loudi .. 
aDd. it. growth on all fore.t aUe. ia excellent. !R9&lyptu. tillber i. fire re.iatant. 
J'inet;r-rdne percent of the .te •• give off Doot.. The -.in drawback of 1!Uoal.yptu. 12 .ABL 
i. that it doe. DOt protect the .oil "ell and i •• el18itive to oompetition of other 
veptation. 
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lIIloalntu. p1&tzphYlla 11'1 

Th18 i. a hybrid, the IIOth.r .tock of which was introduoed into the Congo in 1957 
UDd.r the naa. I. platzphYl1& of Java. Apparently the .other .took i taelf i. a hybrid 
I. 111'0$11& x' I.~. Th. fath.r .took 18 a eucalypt relat.d to !. uroph,ylla introduo.d 
UDd.r the ... !. kirtozU.ana. Th18 .p.cie. giv •• higher yields than the preo.ding on •• 
All of ~h •• t ... give off ahoot •• 

J!lu.oalntu. _lip. 

ThiB was introdu.oed v.ry early at Loandjili (1953) using .tock fro. South Afrioa, 
ladasa.car and Brazil. Howev.r, it prov.d unsuit.d to .oologioal oonditions along the 
Congo ooa.t. On. finds that the bark burst., there i. SODI. g\lDIIII&tou. tumor formation that 
~ ••• death of the tree in mo.t ca •••• 

J!lu.oalYptu. d.glupta 

Thi •• p.oi •• grow. particularly well on the ol~ey heavy and w.t Boil. of Loudima, but 
•• em. unaui table for aandy savanna. 

The •• are l!lu.oalyptu. urophylla, !. ter.Uoorn1s, 
oi triodora, !. callD&dul.na18, !.!I2!. !. urophYlla, 
!. ~ are now being used in propagation of hybrids. 
prov.d v.ry prom18ing and giv.s good yi.ld •• 

!. clo.ziana, !. grandis, !. 
!. tereUoornis, ! .• aligna and 

Th. hybrid!. aaligna x 12 ABL has 

On. of the .ost int.resting .p.oi.s for the Congo ••• ms to b. !. urophylla. On. trial 
with a few .p.ci .. n. of diff.rent prov.nano. shows that at 2i y.ars of age at Pointe-Noire 
and 1 year of age at Loudi_ av.rage growth ••• ms to b. greater than that of !. platYphilla 
1'1 (proWD&D.o. Portugu ••• Timor and the Sundra Island.). 

Nura.ri.s 

Th. fin ••• ed of EucalYptu. i. mix.d with fin. grains of ssnd b.fore b.ing sown to 
prev.nt th_ fro. b.ing blown away by the wind. Th.y are sown broadcast in irrigat.d b.ds 
at the b.ginning o'i S.pte.b.r. 

'!'h. se.db.d. at th ••• station. in sandy areas are double-valled boxes, 300 x 70 om, 
the .pao. b.tw.en the two walls forming the irrigation canal. 

Th •• 011 of th ••••• edbed. is a mixture of 2/3 black .arth and 1/3 sand (200 and 
100 litre.), fre.d of ins.cts by powd.ring with 25 g of 'dieldrin' or 'aldrin' per 
•• edbed. 

RiBbt att.r having b •• n sown, the s.edb.d. are oov.red with shad •• and are irrigat.d. 
Watering 18 b.pn i .. ediat.ly att.r sowing through the irrisaUon oanals around the edge. 
of the •• edb.d, the aci.ture oont.nt of the .oil b.ing k.pt oonatant in depth, oombined 
wUh a .yst •• of in4ireot wat.ring u.ing a fin. spray. The plant. germinate about 8 day. 
aft.r ~h. ..ed has b •• n .own. 

CarefUl hand ..... ed1ng of the .eedb.d. i. n.o.s.ary. 
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PrioJd.y OR t 

Pour weeka af'ter .owing, toward the end of' Sept_ber or the begimUng of' October, the 
planh, whioh by then are about 5 om tall, are prioked out with bare rooh in polyethylene 
pot., 11 x 21 CIa in .ize on the average. The.e pot. are filled. with a d:rted ainure of 
blaok earth and IIand in the Ame jroportion. as the .oil in the .eedbeds, to which is 
added. 0.8 kg of Thomae slag per m to ensure a gool} start. 

The prioked out plants are then plaoed in a storage area, 1 000 plants per board. 
In.truotions regarding .hade, watering and weeding w.t be followed meticulously up to 
planting ti.e at the beginning of November, right at the start of the rainy seaaon. A 
.inimum of one week'. oover is de.irable. 

Ground Preparation 

Stwap Removal 

In the bush .avannas on clayey soil of the Niari (Malolo) and Bouenza (Loudima) valleys 
stump. oan be removed by maohine, whereas on the .andy ooastal savannas (Loandjili) and on 
the Batik' Plateau (Km Rouge) it has to be done by hand labour • 

• echanical extraction of stumps is done by two 7Q-hp caterpillar tractors with an old 
caterpillar ohain tied between; both tractors pull at the same speed and the ohain clears 
all brush as it moves aoross the ground. 

Thi. worlc is done during the rainy season from December to M&y of the year preceding 
actual planting. 

The bru.h and tree stumps are staolced in piles. 

Destruotion of Graa. 

Gra •• has to be de.troyed just before the dry season, in ~. For this purpose one 
can u.e either a rail pulled by draught animals, an 8Q-hp wheel tractor, or a small cater
pillar traotor ('chenillard'). This rail flattens the grass as it moves along; the grass 
i. killed off by two pa .... ge. of the tractor, first in one direction and then in the 
opposite. 

BurniDfj 

The f'lattened gra.s dries rapidly and then the piles of wood and the grass over the 
entire area to be worked are burnt. 

BreakiDfj the Ground 

Two .ethod. can be used to break the grounds ploughing with a plough, followed by 
diBlc ploughing, and hoeing (of the main crop or oover orop) followed by disk ploughing. 

PlantiDfj and Manaeent 

PegiM-OUt and Digieg of Holes 

Ground that ha. been broken a. de.oribed above i. then _rlced out in small 50 x 50 m 
.quare.. Stake. are then .et out at a .paoing of either 2.50 x 2.50 m or 3.12 x 3.12 m. 
(With the heavy equipment, whioh i. ooming more and more into u.e, the 3.12 x 3.12 spaoing 
i. better.) 
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As 100D a. the .take. have been .et out, hole. are dug u.ing .emi-oircular shovel •• 
The hole •• hould have a diameter of 20 0lIl and alao a depth of about 20 om. The digging of 
the hole. mu.t be oompleted at the late.t by October. 

Settiy 0Ilt. of the Pla.nt. 

In Ootober, one month before planting, 150 g of fertilizer (complete, 10-10-20 ferti
lizer or pota •• ium fertiliser) are applied to each hole in sandy soils. In the Bouenza and 
.iari valley., there is no need for fertilizers. 

Starting at the beginning of Nove.ber the plant. are set in plaoe. Before removal 
from the nuraery, the plants are watered heavily and the polyethylene pots removed. By 
that time, the plant. are from 10 to 25 cm in size. There is about a 9~ "take" and no 
need to fill in failed spots. 

Protection 

A du.ting of the hole. with either ~ Dieldrex or Phyto.ol prior to planting eliminate. 
termite.. To oombat .tem-outting oriCkets in plantationa, poisoned bait i8 applied 
(mixture of 1/3 flour, 2/3 bran with Dieldrin CE 20). 

Maintenanoe 

After planting, maintenanoe work haa to be done. Initially this can be done by 
maohinery - with either a atubble-plough (scarifier) or a rotary plough (rotavator) - at 
leaat three or four times during the first year after planting and once or twice during the 
.econd year. Jf&nu&l weeding by hoeing around the plant oompletes the maintenanoe work each 
time the .tubble-plough ia u.ed. 

Protection AB!inat Fire 

Usually blUSh fireB sweep acrOBS the savannas in about the month of June. They occur 
earlier on aandy savanna than on clayey savanna. 

Prevention of blU.h fires is aocomplished by breaking up the 25 ha plots into 500 x 
sao m plota separated by 10 m wide firebreaka. These firebreaks have to be maintained 
regularly espeoially juat before the start of the dry aeason in May and June. The bare 
firebreak at rip. around the aitea or atationa also have to be kept up at the same time. 
After the rail haa been dragged acroIB the ground, an early preventive and controlled 
burning of the bare firebreaka is done, prior to the start of the usual brush fires. 

Cuttin, of Standa - Rotation 

Eu.oalxptua is out at the age of 4 to 6 years. The first rotation comprises the cut of 
tully grown treea derived from .eed. At Loandjili, the rotation oycle takes from 7 to 10 
years and at Loudima, from 5 to 7 years. Theoretically this first out is followed by two 
ooppioe cuta. 

~inanoial Information 

The average cost of one heotare of Eu.calrptua wa. eatimated in 1973 to amount to about 
95 000 OFA franoa. 
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In the People'. Republio o~ the Congo, EUcalzptu. stand. oover almost 5 200 ha o~ _V&1UI&, the ... in .peoie. being the hybrids EUcal;yptus 12 ABL and I. platYph,Tlla (Pl"1) • 

VollUle inore_nt is about 20 m3/ha/year at LO&Ddjili and 35 m3/ha/year at Loudima tor 
the hisb-yielding speoies, I. PP1. Average annual inorement in height is about 3.60 • at 
Loaudjili and 4.60 m at Loudi.... Ammal growth in girth is 7.5 om at Loandjili and 9 om at 
Loudima. 

Initial trials with propa __ tion by outtings installed sinoe 1973 at the forestry 
re.earch station o~ Loandjili t Point e-Iloi re) are particularly enoouraging. 

Puture Prospects 

Suoh propagation by cuttings is expected to give much higher producti vi ty ot stands as 
a reault o~ both the intensity o~ .eleotion ot plus (+) trees for propagation purposes and 
due to the homogenei ty o~ the .tands (pure stands). It is believed that starting ~rom very 
.peoialized .ilviculture, adapted not merely to the .pecies but to the clone, it will be 
po.sible to attain mean annual inorements 40 m3/ha/year at Loandjili - 50 m3/ha/year at 
Loudima. 

Paper Pulp Projeot 

The aim o~ this project is to establish an ensemble of plant. producing 250 000 tons 
o~ bleached pulp anrmally for the making ot kraft paper. The raw materials for this paper 
plant wculd consi.t of a mixture of eucalypt and pine wood. 

Plantation. to teed this paper plant would oonsist ot 27 500 ha of Eucal:YPtus estab
li.hed at the rate ot 5 500 ha per year, and 22 000 ha ot pine established. at the rate ot 
2 200 ha per year. 

Charooal llakiy Project 

Thi. projeo1; call. ~or the cutting ot approximately 650 ha ot Eu.calYptus per year tor 
the III8ld.ng o~ 10 000 tons ot charcoal tor export. 

AFPORESTATICIl Km'HCIDS FOR PINE 

SpeCies o~ Pine Used 

Both f!!!!!. oa.r1baea and f.. oocarpa were introduoed into the Congo in 1958 atter the 
lIlscal;yptu.. They have proven entirely Atistaotory and well sui ted to local ecologioal 
oonditions. Other .pecies tried were ~. ke.iya, f.. merku.ii, f.. hondurenai •• 

Nurseries 

~ 

Oemiuation becla are prepared starting at the beginning o~ 1Iay. The.e are aotuallY 
3.00 x 0.70 • boxes ~illed with a mixture ot i black earth and i .and to whioh tertilizers 
have been applied. The .eed is .own in the.e bODS between 15 IIay aud the end ot June, in 
row., u.ing a plank with .orew DIlt. ~or alignment and .pacing o~ the seed (1 x 1 om). 
Afier .owing, the boxes are oovered with a layer o~ chopped pine needles. They are le~t 
open and. not irrigated, but vatereel ~reqa.emly. Weeding has to be done oontinu.ou.ly. 
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Priold.y-Ost 

G.mination 00OU1'll wi thin about a week. Six weeka after .oving, the plant. already 
reach a height of 1 0lIl and. a1'll then pricked out into polyethylene pots filled vi th a mixture 
of II&Dd and bl~ck earth containing tungi (myoorrhiza), the earth being obtained from old 
pine plantationa. It iB ab.olutely neoes.ary to use oomplete f.rtilizera (10-10-20) when 
priold.ng-out the plantae 

In prioking-out, oare has to be taken to keep the taproot straight by enclosing it in 
a pellet of liquid IDIld. Subsequently, the instruotions reprding applications of fertilizer, 
vatering and weeding have to b. follow.d car. tu lly • 

Soil Preparation 

This i. the .ame as for eucalypts. 

Planting and Management 

Planting 

This is the slUlle as for eucalypts. 

"int.nano. 

The teohnique is the aame as that used for euoalYPts. During the first year meohanical 
and manual maintenano. wo~ has to be done 3 to 4 times, in the seoond year at lea.t 2 to 
3 tim •• , in the third year twioe, and onoe again in the fourth year. 

Fire Control 

Again brush fire oontrol here calls for the division of the area into .mall 6.25 ha 
plots. Four euoh plots are grouped together (making 25 ha in all) and betw.en each set 
10 m wide, bare firebrealtB are opened. Between each set of four plot. (25 ha in all) there 
i. laid out a peripheral firebreak, usually oonsisting of EucalYptus torelliaRa. 

llanagement of the Stand, Pruning and Thinning 

Tropical pine. can be used for two purpos.s: either for malting paper pulp or for 
lumb.r. In the first instanc., no thinning viII be done. In the seoond ca.e, ono. a 
plantation has b.en •• t out with tre.s at a .paoing of 2.5 x 2.5 m or 3.12 x 3.12 m, it i. 
ab.olut.ly •••• ntial that wh.n the tree. are 4 or 5 yeara old they be thinned out. 

In both ca.e. p~ing with a lumberjack'. saw is neo •• sary when the stands reaoh 4 or 
5 y.a1'll of ase. 

Por the produotion of pap.r pulp, the rotation oyole is from 10 to 11 year., wherea. 
it i. from 20 to 25 yea1'll for the produotion of lumber. 

R.sul ts and Future Prosp.ctl' 

R.sult. 

Man-mad. pin •• tand. already oover almost 2 600 ha in the P.ople's R.public of the 
001180. Th. increment 18 from 8 to 10 .3/ha/year at P01nt .... oire and from 15 to 20 m3/ha/ 
year at Loudima for rapid growth tropical pin •• that adapt w.ll. 
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Pu:ture Pro.peot. 

Plan. for genetio t.provement and te.ted .eed oroharda .tarted in 1975 should make it 
po •• ible to inoreaae the prodaotion of the.e .peoies. 

Pro j eots 

The Oonco'. Developaent Plan include. indu.trial planting of pine and eucalypts on 
the savanna. to feed a faotory with an ammal capacity of 250 000 tons. About 22 000 ha 
are to be planted to pine at an arumal rate of 2 200 ha. 

Finally, .tep. are being taken to .et out plantation. of Araucaria hunsteinii and 
ol. owminpamU, trial. with which have ahown thelll to be promising specie. capable of 
producing excellent timber on aavanna. 

Table 1 

SAVADA PLAITATIONS (pIlm) Am> 1!DCALYPTS) <F THE 
.OP'FICj: CONG~LAl.S D:l!lS FOR!TS ___ ~_ 

Tear of LOABDJILI 5 P,lNoire) LOODllIA. ~ Bouenza) MALOLO ~ Niari) ICM ROUGE tB/city) 
Planting Pine IEucalYbtus Pine EucalYDtu. Pine ~calY"DtuB Pine ~oalY"DtuB 

1953-54 - 17.78 
1954-55 - 1.04 
1955-56 - - 10.00 10.00 
1956-57 - 25.90 
1957-58 - 93.20 
1958-59 3.50 150.10 
1959-60 1.00 170.92 
1960-61 16.00 261.00 
1961-62 - 66.80 1.00 5.00 
1962-63 1.20 18.00 3.00 17.00 
1963-64 4.80 30.44 7.00 13.00 0.20 0.60 
1964-65 2.10 30.30 25.00 86.00 3.05 0.37 
1965-66 5.40 32.20 22.00 838.00 7.99 1.42 
1966-67 17.50 35.10 16.00 396.00 5.63 1.80 
1967-68 14.80 26.50 50.00 572.00 0.79 4.60 
1968-69 7.90 33.40 50.00 512.00 50.00 8.00 17.91 1.17 
1969-70 46.70 20.80 206.00 493.00 100.00 16.00 75.50 1.40 
1970-71 57.00 77.60 182.00 900.00 100.00 14.00 51.60 3.00 
1971-72 37.00 29.00 740.00 43.00 75.00 - 56.00 1.00 
1972-73 10.88 4·53 13.60 7.40 - - 3.00 -
1973-74 10.00 10.00 10.00 - - 5.00 -
1974-75 4.57 18.43 50.00 12.00 - 25.00 5.60 3.00 
1975-76 10.76 47.62 419.18 16.50 - -- 38.56 13.54 

~l~ 1200.66 l~,~ ~2.~d22 ~~22 _2~,22 ~l~~J ll·OO .. ----- - _.-
Total/ 
Station 1451 77 5736 28 388 00 302 73 

Total tor the 
savanna I 7878.78 heotare., pine •• 2652.32 hectarea, li:acalyptu. - 5226.46 hectares 
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Ghana has an area of 238 539 square kilometers and lies between longitudes ,0 East and 
30 We.t and latitude. 50 and 11 0 North. The current population is estimated at 10 million. 

The oountry has a tropical climate which ranges from humid to dry, the southern portion 
reoeiving the greate.t amount of rainfall. 

There are four main vegetation zonea, the coastal strand with mangrove swamps, 
followed by a narrow belt of thicket, the high forest, and the savanna zone. The high 
forest oovers approximately an area of 82 258 square kilometers or 34.48% of the country, 
while the savanna oovers 150 497 .quare kilometera or 63.0~, the remaining 2.4~ being 
tak.n by the strand, ma.ngrove Ramp. and thicket. 

There exist. a written Xational Forest Policy which has as its main objective the 
creation of suffioient permanent forest resouroes by reservation to supply direot and 
indireot benefit. neo .... ry for the welfare of the people of Ghana and the management of 
the fore.t re.ouro.s by methods that achi.ve sustained maximum produoti vity and value. The 
other objective. of the forest policy include research into all b~ohe. of scientific 
forestry, empha.is being laid on .ilviculture, eoology and Utilisation; the training of 
both profe •• ional and field .taff and the proviSion of technical advioe to non-Government 
fore.try. 

In order to impl.ment the fore.t policy BUoces.tully, a For.ats Ordinanoe was passed 
on the 30 "'roh 1927, and in 1949 the Trees and Timber Ordinano. was passed. Under the 
po.aN ooDf'erred on the Governor, lat.r Pre.ident of RepubliC, a I1WIIber of regulations were 
~. aDd. a seri •• of aot ••• re al.o pa.sed. Among the regulations are the Forests 
(Silvioultural Worita) R.gulations, 1958; the Tre •• and Timber, Property llarlts R.gulatioDl! 
19501 the Trees aDd Timb.r (Control of Cutting) R.gulation. 1958; the Trees and Timber 
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(Ie&n.NlMllt) Rel'll&tio9 1958, the Tree. &lid Tillber (Control ot aeua.re.ent) Re8ll1ati09 
1960, aDd the Tree. aDd Tiaber (Control ot Export ot lop) Repl&tioD8 1961. Aots pass.d 
UDder the "ore.t Or4iJance to give .ff.ot to the torest polioy includ. the Prot.ot.d Timb.r 
LaDda Aot, 1959, the "ore.t Off.no •• (COapOIllXUng ot Fin •• ) .lot 1959 and the !'ore.t 
IaproveMnt Pund Aot 1960, to •• ntion a tew. 

In Ghana the bulk ot the laDd (high forest or 1aV&Jm&) is h.ld in tru.st for the .tools 
(ohiet. and peopl.) by Govel'Dlll.nt. Th. portion ot land und.r purely .tat. oontrol is 
.xceedingly ... 11. 

Th. prinoipal tore.t produots trom the high tore.t zone are sawloge, v.ne.r loge, lop 
tor .l.ep.r., oharooal, pol •• and export loge, and in the .. vanna zon., poles, oharooal 
and. AWl. 

STAFFING 

Th.re .n.ts a Forestry Training Sohool in Ghana whioh turn. out sub-protessional 
ottio.rs who ar. mainly tield ottioer.. In the past years the intake of students was .mall 
but recently with the ino.ption ot the retorestation .ebem., the intake has been appreciably 
inoreas.d. 

Th. current •• rving au'b-prot •• l1onal .tatt nwnber 500. The nwnber of serving pro-
t ••• ional offioers now .tand.l at 22, the bulk of them having been lost to the educational 
inatitutioD8, the res .. rob in.titutioDi and industry. 

Th. gro .. azmual budget tor tore.try for the tinanoial year 1975/76 amounted to 
USS7 501 774. EIIbodied in this amount are the recurrent .xp.nditure, reforestation 
.xp.ndi ture (d.v.lopment) and tor •• t improv.m.nt .xp.ndi tun. 

APFORESTATICW .AND REl"O~TATION 

A. a reault ot the .... iv •• xploitation of timber from the high forest and the 
inona.ad requiI'IIHnt ot timb.r and timber products in the aavarma areas, a d.cision was 
tak.n in 1972 to plant o.rtain areu both in the high forest and .. varma zones. Up to the 
.nd. ot 1974, the total area of plantation tor the whole oountry stood at 23 208 ha. Out 
ot this total, 3 330.8 ha have b •• n plant.d in the savanna zone. The planned annual 
target area of aftorestation and reforestation is 7 328 ha, of which 2 176 are tor the 
.. vanna ana. The retorestation/attorestation sohemes are oontrolled by the state, there 
being virtually no private torestry orsanizations in Ghana. 

Th •• p.oia. currently b.ing planted in the .. varma zone include teak (Tectona grandis) 
lDILhopn.y (~ •• neplenail) Gm.lina arborea, Anog!issus l.iooarpus, n.em (Azadiraohta 
indica) and Dalb.rna si .. oo. Th. growth rate varies for the various species 
in the ditt.rent parts ot the .avanna zon.. In ar.as where the savarma borders on the high 
tore.t and wher. rainfall and .oil oonditions are favourable, and where teak is the main 
.p.oi •• being plant.d, the intended end use is lumber. In areas where the soil and rain
tall oonditione are not .0 tavourable, teak, Anoeissus, neem and Dalbergia are grown 
mainly tor pol •• and tirewood. Th. G •• lina is intend.d tor pulp. For most of the species, 
no rotation has b •• n tix.d. It is .SUDllLted however that in 60 - 70 years the teak DIlLy 
reaoh .iz.s capable ot b.ing .. wn. Specie. grown mainly for tirewood and poles are ready 
tor u •• b.tween 10 and 15 y.ars. 
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Savanna Nuraery Praotioe 

The .eleotion ot pe~ent nuraery .ite. in the &&vanna area is limited mainly by the 
availability at water. In the past, deep wells were dug and the water tram these wella was 
used to water.the plant •• In reoent years however emphasis is being shifted onto irriB&ted 
l1I1raerie.. The irrisated nurseries are situated near dams. Water from the dams is brought 
to the plant. either through pipes driven through the earth work of the dam or through 
pwaping. 

The total annual l1I1r.ery stook production capacity of the permanent savanna nurseries 
i. in the neighbourhood ot three million plants. Figures are however not readily available 
for aotual annual production, as the reoords are not up to date. The types ot planting 
stock vary aooording to the speoies. Teale and Anogeissu. are stumped before planting. 
Khaya and neem are planted either as striplings or as potted plants. In reoent years, most 
at the seedlings are raised in polythene bags which measure 5" by 7" or approximately 
13 om by 18 om. Seedlings are normally transplanted atter they have attained an average 
height of between 30 - 45 om. This height is attained between 24 - 30 weeks. 

The methods used in savanna nurseries are: 

Broad-casting on germination beds 
Bed sowing (.ingle or in drills) 
Direct sowing into oontainers (polythene bags). 

Seeds broad-cast onto germination beds include teak, neem and mahogany. Pricking-out 
i. carried out as soon as germination starts. These species may also be bed sown, or sown 
~ot into containers. Speoies with tiny seeds e.g. AnogeisBas are sown into drills and 
thinned out when germination is oompleted. Seeds,whether they have been broad-cast on 
germination beds or .own into oontainers, are watered protusely twice daily early in the 
morning and late in the evening. Watering oontinue. after germination, and in the ab.enoe 
at rainfall until the plants attain a suitable size for planting. No direot vatering is 
carried out in the irrisated nurseries. 

Shade is always neoe.sary to protect the young seedlings from the heat of the Ban. 
Grass mats raised on pole. provide adequate protection. 

Nurseries in the savanna zones are otten disturbed by domestic animals. In Bach cases, 
strand-barbed wire fenoe. are erreoted to keep the animals out. There have not been many 
oomplaints about insect attack. The term te attacks whioh have been reported were treated 
by Aldrex 40. 

E.tabli.hment Teohnique. for Savanna Plantations 

In the .avanna zone, the grass burns invariably during the dry season. In many case., 
the burning i. quite thorough and the rew tree. left standing are stumped. After stumping, 
a two di.c plough i. used to lI&lce ridges on which the young trees are planted. Spacings 
oommonly u.ed are 3' x 9' or 6' x 9', approximately 1 m x 2 m or 2 III X 3 m. 

Little direot .owing i. practised. 

Ho .evare in.eot attack. ill .avanna plantations have been reoorded. Fire, however, 
po.e. a .eriou. threat, .everal plantation. being atteoted eaoh year. It is suspected that 
mo.t at the tire. in the plantation. are deliberately .et, as meaeures are alw~ talten at 
the beginning ot the dry sea.on to tore.tall the out-break ot tire. Some ot the measure. 
adopted to tore.tall tire out-brealt include the maintenanoe ot internal and external tire 
traoe. an4 early burnings which are carried out around the plantationa. 
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.6.t th. h.ight o~ th. d17 ..... on, 1;v.nt7-~cnu' hour ~ire patrol. are orpn1zed. "ore.t 
parda aDd labourera are d.tailed. to k.ep watch, d.t.o1; and oontrol ~ire. b.~ore th.y get 
out o~ haDd.. In .0 •• ca ••• , th ••• patrol. have b •• n ve17 .~~.otive and. in on. partioular 
inatanoe no ~ire. were reported in the plantation ~or a period o~ 10 yeara. 






